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PREFACE 

TO THE SECOND EDITION 

As the first edition of this book has been exhausted, 
and the work is still in demand, the issue of a second 
edition has been decided upon. 

Advantage has been taken of the new issue to 
rewrite the greater portion of the text, to reset the 
subject-matter and divide it into chapters for con- 
venience of reference. 

The whole of the old illustrations have without 
exception been re-drawn, and other examples added 
to suit the improved character of the new book. 

The Author trusts the information given in the 
following pages will be found useful to those who 
have to deal with problems in the construction 
and fixing of hydraulic rams. He also hopes that 
his efforts to impart such knowledge will be ac- 
corded the same kind appreciation as has been 
so generously bestowed on his other volumes on 
various branches of plumbing and sanitary work. 

J. WRIGHT CLARKK. 

London: September 1907. 
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HYDRAULIC RAMS 



CHAPTER I 

UESCRIt'TION 
HYDRAULIC ram is a self-contained machine 
made of cast-iron, and consisting of a body-pipe, 
1 a dash-valve, a deli very -valve, an air-valve, and an 
f ajr-vessei or chamber. 
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The machine is used for raising water from a 
ilow level, such as a valiey, to a high level, such 
tank in a house, or to a reservoir for supplying 
water to a house or other building. 

As its name implies, a hydraulic ram is worked 
by the power of water. Some of the water which 
works it is forced to the higher level, the remainder 
running to waste, or, where circumstances permit 
and it is advantageous to do so, to a low-level 
stream or reservoir where it can be utilised for 
other purposes. 

Before describing a ram and its capabilities it 
will be necessary to explain a few principles in 
connection with hydro- mechanics. Otherwise the 
action of a ram will be difficult to understand. 



THE I'OWER OF MOVING WATER 
There are but few people who, when paying a 
visit to a seaside resort, have not noticed how the 
waves of an incoming tide dash against a sea-wall, 
or on to a rocky shore, with such violence as to 
make loud noises and throw the sea-water spray 
into the air to a considerable height. The water 
then recedes from the shore, but again returns as 
a wave and is again thrown up into the air. This, 
what may be termed " oscillating " motion of 
the tide, is continuous until high tide has been 
reached. The motion then gradually ceases as the 
tide falls. 

There are also many people, including plumbers, 
who have heard a peculiar knocking noise in a 
service-pipe after a quantity of water has been 

I drawn and the draw-off tap has been suddenly 
closed. 
In each case the noise is made by the water 
Jtnocking against a hard substance, a sea-wall in 
one case and the inside of a pipe in the other case. 
When the water is simply resting against the 
.■wall or the sides of a pipe, as the case may be, no 
.noise is heard. To cause the sound motion must 
be imparted to the water, and it is in the act of 
arresting the motion of the water that sound is 
caused. 
If the sca-wal! or the sides of the pipe are not* 
istrong enough to resist the force of the impact of 
*he water, the former would be pushed over or 
broken up, and the latter would have its sides 
pushed out and torn or broken. 

If, instead of the waves dashing against a solid 
sea-wall, they were projected into a low cavern 
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POWER OF IMOVING. 'WATER 

on a rock-bound seashore, and the cavern had i 
skyward opening through the roof, the force of t 
incoming waves would cause some of the sea spray 
to be thrown through the roof to a height much 
above the level of the sea. The swifter the velocity 
of flow of the waves, the higher the water is ejected 
through the opening in the roof of the cavern. 
For a similar reason, wherever a sewer empties 
into the sea, the discharging end has to be pro- 
vided with a means of preventing tlie waves rushing 
up the sewer. 

Under certain conditions an almost similar 
action takes place in a service-pipe as in a cavern, 
excepting that the water i*s confined in a tube 
instead of in a chamber of a lesser uniform 
character. 
J Let A, Fig. I, represent a cistern to hold water, 
and E, a service-pipe leading to the cock C. If the 
cock is opened to allow water to flow out, and is 
then suddenly closed, a knocking noise would be 
heard near the cock ; and if the pipe was a thin 
or weak one, it would be burst near the cock by 
the force of the shock. 

Assume that the pipe B is continued beyond 
the cock C,and is turned upwards, as shown by the 
double dotted lines D. The water will stand in 
the pipe D up to the same level as the surface of 
the water in the cistern A, If the cock C is opened, 
water will be drawn from the pipe D and also from 
the cistern A. Although water is drawn from the 
-two directions, the pipe D will be nearly emptied, 
because there Is nothing to support the contained 
water. But when the cock is quickly closed the 
water coming from the cistern will attain such a 
momentum that it will rush up the pipe D, and if 
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the top end of the pipe is not at a higher level 
than the cistern, water will be projected from the 
top and open end of the pipe. When the motion 
of the water has subsided, the pipe will again fill 
up to its original level. 



I, 






H 




B 



V 



II 
II 

ll 

II 



II 



iF 



ll 



ll 



D- 




B 




Fig. I. 



If a valve which opens upwards only is fixed 
in the pipe D, at the position shown at E, the 
water will still rise in the pipe to the same level as 
that in the cistern, but on opening the cock C the 
whole of the escaping water will come from the 
cistern. On quickly closing the cock C, the 
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momentum obtained by the water in the pipe B, 
instead of knocking against the end of the pipe, 
as in the first instance, will knock against the 
underside of the valve E. The valve will be 
pushed open for a short distance by the shock and 
a small quantity of water will be forced through 
into the pipe above. 

By constantly opening the cock C, allowing the 
flow of escaping water to attain its maximum 
velocity, and then quickly closing the cock, more 
water will be injected into the pipe D. If the 
action is repeated a number of tknes the pipe D 
will be filled, even if it is continued ten or, in some 
cases, twenty times the height of the cistern above 
the tap C. 

The pipe D need not necessarily be in the posi- 
tion shown in the drawing. If it were fixed in the 
manner indicated by the double dot-and-dash lines 
at F the same results would be obtained. The 
water, however, would not be raised to the same 
height as in D, because of the shorter distance be- 
tween the pipe F and the cistern. This signifies 
Ithat the weight and volume of moving water acting 
upon the pipe F is less than on D. 
The foregoing reasoning applies to the air-vent 
pipe, G. This pipe is for the admission of air into 
the pipe B, to allow it to run empty when the 
stop-cock H is closed for any purpose. When the 
draw-off cock C is suddenly closed after drawing 
water from it, a small quantity will be ejected out 
of the open end, I, of the vent-pipe. For this 
reason it is always necessary to turn the end of the 
pipe over the cistern edge, or to continue it for 
some height above the cistern. 
Take another illustration : — Let Fig, 2 be a 
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cistern with a draw-oiT cock and pipe fixed as 
shown. At the end of the pipe a fountain-Jet is 
fixed. The water will play out of the jet to a 
height nearly level with the surface of the water 
in the cistern. Immediately the draw-off tap is 
opened the height to which the jet was playingwill 
be lowered. On quickly closing the cock, however, 
the Jet will, for a brief period of time, play to a 
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height much above the level of the surface of the 
cistern water ; but as soon as the momentum of 
the water has been overcome, the fountain will 
play to the same height only that it did in the first 
instance. 

The foregoing illustrations show that moving 
water exerts considerable force against anything 
which is placed in its path. In all the cases that 
have been cited it was the force of terrestrial gravity 
which put the water in motion. In the case of sea 
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USE OF AN AIR-VESSEL 

waves, however, the wind in some instances has an 
influence upon their flow. Water, like all other 

imate matter, has no power of itself to move 
or to stop when put into motion. To stop the 
motion of any kind of matter an opposing force 
has to be brought into action. 

The contents of the two vertical pipes B and 
D, Fig. r, when at rest are in a state of equilibrium. 
When the water in B is in motion, its weight, plus 
its impetus, is in excess of the dead weight only of 
the water contained in D. Hence, under the con- 
ditions given above, the momentum of the water 
in B causes some to be forced through the valve E 
into the pipe D, although the weight of the con- 
tents of the latter pipe offers considerable resistance. 

The power that projects the sea water through 
the roof of a cavern, or which bursts a water- 
pipe and forces water through another pipe or 
through a fountain Jet, as illustrated by Figs, i 
and 2, is the same kind of power that causes a ram 
to raise water to a height much above itself A 
hydraulic ram is only an automatic acting appli- 
ance for controlling and applying that power in an 
especial manner so as to obtain an end or object. 

USE OK AN AIR-VESSEL 

Again referring to Fig, i , each time the cock 
is opened and then quickly closed a small quantity 
oF water is forced through the valve E. To enable 
this small quantity to pass through the valve, the 
water in the pipe above it must be pushed upwards. 
This water is in a state of inertia, and to put it 
into motion a certain amount of force must be 
exerted. Consequently the force exerted by thq 
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momentum of the water when flowing through the 
pipe B is split up, part of the force being utilised 
in driving the water through the valve E, and part 
in putting the water above E into motion. 

If the water above the valve E was kept in 
motion between the times of opening and shutting 
the cock C, the force expended in overcoming the 
inertia of the water above E would be utilised in 
forcing a larger quantity through the latter valve. 
Not only would the available force be better utilised, 
but there would also be less shock or jar and noise 
made by the flowing water knocking against the 
underside of the valve E. The bursting strain 
exerted inside the pipe D would also be less. 

The reduction of the bursting strain inside D ; 
the lowering of the noise made by the water 
knocking against the valve E ; the forcing of a 
larger quantity of water through the latter valve ; 
and the constant upward motion of the water in D, 
in the intervals between opening and shutting the 
cock C, are all obtained by fixing an air-vessel over 
the valve E, as shown by the small drawing J, 
Fig. I. The use of the air-vessel will be further 
dealt with in a future Chapter. 
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CHAPTER II 

On Energy and Friction 

I References have already been made as to loss 
t of power by friction and other causes. 

Although usually looked upon as ' loss,' there 

, is no such thing in Nature as waste of any kind. 

I The only loss is in that the whole of the energy 

' which may be exerted does not produce results in 

the desired direction. 

In the working of a hydraulic ram only a per- 
centage of the water used is sent up to the storage 
tank or reservoir. When entering into the ram 
the water contains a certain amount of energy 
which bears some proportion to the height whence 
it has fallen before it enters the appliance. The 
[ greater volume of the water runs to waste, but 
I before doing so it has parted with the greater part 
h of the energy which it contained when entering 
I the ram. 

The escaping water is not wasted. It is still 
J. available for use in Nature's economy. It may 
[ evaporate, form clouds, and as rain agaiii contribute 
[ to the store whence it was drawn to supply the 
I ram ; or it may flow into a brook or stream and 
eventually be discharged into the sea. Again, 
growing vegetation may absorb some of it, or a 
portion may soak into the ground and find its 
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way into a well from which it can be pumped forj 
use. 

None of the energy absorbed by the water 
before it enters a ram is wasted. On the contrary, 
it is utilised to the utmost. The greater portion 
is used in forcing some of the water to a level 
much higher than the ram. Other portions of the 
energy arc exercised in opening and closinfj the 
valves inside the appliance. Considerable energy 
has to be exerted intermittently to cause the water 
in the drive-pipe to flow in a backward and upward 
direction. If the water does not thus reflow, the 
ram will cease to work. Hence, the so-called loss 
of enei^y is only apparent. Indeed the hidden 
energy is actually a necessity for the efficient work- 
ing of the appliance. 

From another point of view, energy may be 
looked upon as being heat. The temperature of 
the water in the delivery-pipe from a hydraulic 
ram is always higher than the water in the enter- 
ing end of the drive-pipe. 

In machinery some of the working parts are 
worn away by reason of their rubbing together, 
and lubricants are used to reduce the power 
thus lost by friction. But lubricants cannot be 
used for reducing the friction of water when it is 
passing through tubes or pipes. Hence, the latter 
should be made as smooth inside as possible, so 
that the water may glide through them without 
forming eddies or cross-currents, or violently dis- 
turbing the relative positions of the molecules of 
the water. 

The friction of water when passing through 
pipes or tubes increases directly as the square of 
the velocity of flow ; so that by using large size 
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pipes for delivering a given quantity of water ii 
given time, the loss of energy absorbed by friction 
is much reduced. 

Pipes that are rough or with projections inside, 
or having very sharp bends or elbows at every 
change of direction, absorb so much energy that 
a lesser quantity of water will pass through them 
than would be the case if they were smoother 
inside and had bends made to large radii. This 
applies to pipes used in connection with hydraulic 
rams, whether viewed from the actual efficiency of 
the appliance itself, or from the amount of energy 
that can first be imparted to the working water 
and then be abstracted from it in the form of work 
or duty done. 

In the engineering profession one of the many 
problems that the members have to deal with is to 
reduce loss of energy by friction in its many forms. 
They have also to devote quite as much thought to 
the development of friction and make it a useful 
servant. A simple example of this may be referred 
to : — The journals or bearings in which iron shaft- 
ing is revolving are oiled to reduce the friction 
between the parts in contact ; but the pulleys fixed 
on the shafting are sanded or have resin dust 
sprinkled on them ; otherwise the belting would 
' slip ' instead of causing the pulleys and shafting to 
turn as may be desired. 
. Water wheels would not be turned by the water 
Lithat passes either under or over them if the peri- 
■meters of the wheels were not roughened by ' floats ' 
"or 'buckets' for the water to impinge against or 
load by its weight. 

If there were no resistance oifered by friction 
when water is passing through the delivery-valve 
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and pipe of a hydraulic ram -the appliance would 
cease to work, because the water would not inter- 
mittently reflow in the drive-pipe. The latter pipe 
however, must be fairly smooth inside, otherwise 
the backward flow of the drive water would' be 
too much retarded by friction. 

Having dealt with the elements of science so 
far as it is applicable to the hydraulic ram, the 
form and action of that appliance will now be 
considered. 





CHAPTER III 
Form of Hydraulic Ram 

I Without troubling the reader or student to wade 
through a history of these appliances from the time 
of their introduction up to now, one only is here 
introduced. The reason for its selection is because 
it is suitable for a diagrammatic drawing of the 
working parts and the method of supplying it with 

I water. This ram is shown by Fig. 3. 




, n 

tin the drawing, K is the drive-water tank ; 
is the drive-pipe which conveys the water to the 
m ;" M is the body-pipe of the ram ; N is the 
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delivery-valve which opens upwards into the air- 
vessel ; O is the delivery-pipe ; P is the air-vessel ; 
and Q the dash or working valve. The dash- 
valve is hinged on the top edge, and has a counter- 
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Fig. 4. 



balance to assist the reflux action of the water in 
the drive-pipe after the force of the forward flow 
has been exhausted. 

Fig. 4 is a glass working model of a similar 
ram, which can be purchased for four shillings and 
is useful for demonstrating to students in a class- 
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room. The various parts are lettered to correspond 
with those in Fig. 3, The only difference is that 
the dash-valve works up and down in the glass 1 
model, instead of to and fro as shown in the I 
diagrammatic sketch, Fig. 3. 

Being made of transparent glass, the working 
of the valves in Fig. 4 can be clearly seen. 

ACTION OF HYDRAULIC RAM 

The action is as follows : — When the ram is first 
started to work, the valve Q is open, and the water 
flowing down the pipe L escapes through the 
valve. The velocity of the flow increases until it 
attains sufficient speed to dash the valve Q on to 
its seating. The flow is thus suddenly arrested, 
and the shock of the water would break the body- 
pipe unless it was made very strong. If a ho!e 
was made through any side of the body-pipe the 
shock, caused as stated above, would eject a stream 
of water through such hole with great violence. 

In Figs. 3 and 4 the hole is shown on the 
upper side of the body-pipe M, and is covered by 
the valve N, This valve is for the purpose of pre- 
venting any water that has been forced into the 
air-vessel P returning into the body-pipe. In 
addition to the weight of the valve N, there is 
considerable pressure exerted by the water above 
it. Hence, the force with which the water is 
injected into the air-chamber must be sufficient to 
lift the valve and the water immediately above it, 
and also to further compress the air in the air- 
chamber, which is already reduced in volume by 
the pressure exerted by the water in the delivery- 
pipe. 
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As soon as the downward flow of the water in 
L has been arrested, a reflux action takes place. 
That is, the whole of the water from end to end 
of the drive-pipe, and also that in the tank near 
the inlet end of the pipe, flows backwards and 
upwards. This reflux action is finally overcome 
by the downward pressure of the water from the 
tank K. There is then a pause for a fraction of a 
second, during which the valve N closes and that at 
Q re-opens. The downward flow of water in the 
drive-pipe again commences, the valve Q is again 
dashed on to its seating, more water is forced 
through the valve N, and the whole of the pro- 
ceedings are repeated. The action is continuous 
for an indefinite length of time. A stoppage takes 
place only when the supply which works the ram 
fails, or when the working parts break or otherwise 
become out of order or adjustmeiit. 
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CHAPTER IV 

Water Supply for Hydraulic Rams 

Wherever there is an open running stream of 
water, and that stream has a fairly good fall, t^e 
water can be dammed back so as to obtain a ' head ' 
to work a hydraulic ram. 

Fig. 5 is a diagrammatic plan of such a case. 
In the drawing R is the dam or weir ; S a grated 
inlet to the drive-tank, T ; and U the drive-pipe. 
If circumstances permit, the latter should be 2 ft. 
or 3 ft. below the ground, so as to be beyond the 
influence of frosL The ram is fixed in an under- 
ground pit or a house above ground, at V. The 
tail water returns into the stream at W. 

Where the ram is to raise water to only a 
moderate height — say 30 ft. or 40 ft, — a difference 
of only 2 ft. or 3 ft. between the levels of the stream 
water at S and W will give satisfactory results, 
provided the quantity of water is sufficient and the 
drive-pipe is of a suitable length. Where, how- 
ever, it is" possible to have a greater head — say 6 ft, 
or 8 ft. — better results will be obtained. 

Many rams are 6xcd by the sides of small 
rivers or canals ; suitable places being near the 
locks. The necessary head is given by the water 
above the upper or higher gates of the locks. The 
surplus water from the ram returns into the stream 
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below the bottom gates, the arrangement 
similar to that shown by Fig. S, in which the 
R, may be taken as the higher gates of the lock. 

In all cases the inlet to the drive-tank should 
be submerged in the stream water. If the end of 
the pipe is too near the surface of the water, float- 
ing matters are carried into the drive-tank. For 
similar reasons it is advantageous to fix a strainer 
on the inlet end of the pipe. A brick chamber 
with a grated inlet is shown at S, Fig, 5. This 
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strainer will not only keep out reeds and floating 
tree leaves, but will also prevent rats entering or 
fish being sucked into the pipe. The ice that 
forms during cold weather rarely exceeds 3 in, or 
4 in. in thickness, and if the inlet end of the pipe 
is submerged a little more than that depth, the 
working of the ram will continue during frosty 
weather. 

Where the stream water is not very clear it 
should be passed through a filter-bed constructed 
in the position shown by the dotted lines at X, 
Fig. 5. The filtering material should have all fine 
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I sand washed out of it before placing it in the tank, 
Y otherwise the grit will wash into the ram and 
I- injure the valves. 

A filter is often necessary for reasons beyond 
those already given. At a mansion in Somerset- 
shire a hydraulic ram is driven by means of water 
from a small lake, which is stocked with geese and 
ducks. The scum caused by these birds is drawn 
into the drive-pipe of the ram and forms a slimy 
coating inside. When this coating has accumulated 
to such an extent as to interfere with the working 
of the ram, a long length of galvanised iron wire 
cable, on the end of which a bunch of iron wire 
netting is fastened, and which is kept in readiness 
for the purpose, is passed through the pipe to clear 
away the obstruction. 

In Warwickshire a ram was fitted up and 
supplied with water from a lake of considerable 
extent. The lake is supplied mainly from springs 
and the water is fairly good. Because, however, 
of the reeds and rushes that are growing in it at 
certain seasons of the year, the water has a pecuhar 
odour and taste imparted to it The odour is more 
particularly noticeable when hot water is being 
drawn from the taps in the mansion. The work- 
ing of the ram was affected by the rushes, which 
broke away from their roots and, drifting towards 
the ram inlet, were sucked into the drive-pipe. 

Fig. 6 is an illustration of the end of the drive- 
pipe immersed in the lake water. For keeping out 
the rushes, a tinned copper wire balloon-shaped 
grating was attached to the end of the pipe, and a 
large size, rectangular, galvanised iron wire grating 
fixed as shown in the drawing. The gratings 
intercepted any rushes which came broadside on, 



but those which floated endwise towards the grating 
passed through with the water to the ram. For these 
and other reasons the use of such gratings is not 
advisable. 

When such gratings are fixed it is not possible 
to attach a valve to the inlet end of the pipe ; or, 
if convenient to fix a valve, owing to its position 



■^_m.^->'- 





it is difficult of access for opening and closing 
when necessary to do so. The item of frost in the 
winter time, too, cannot be ignored. 

Where rams are supplied as above described, it 
is far better to pass the water through a filter tank. 
In the Warwickshire case a filter was specified, but 
omitted because of the cost. Fig. 7 is a section 
of a suitable filter tank which can be constructed 
without in any way altering the levels of the water, 
whether it be drawn from a lake, a pond, or a 
running stream. 

To construct the tank, first make the necessary 
excavations in the side, or any other suitable posi- 
tion, of the bank of the stream or lake. Then lay 
a bed of concrete so as to extend about 9 in. 
beyond the outsides of the walls of the tank. The 
walls can be built of brickwork or concrete. 
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On the water side of the tank the bottom of 
the wall should be built in cement to a height of 
6 in. or 9 in. above the level of any mud in the 
bed of the lake or stream. Above this level the 
wall should be perforated if made of concrete or 
have several open Joints if made of brickwork for 
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the water to pass through into the filter. A divi- 
sion made of slate, or any other stone, should be 
fixed as shown at Y, and the tank should be filled 
on both sides of this division, and up to about 4 in, 
or 6 in. below the end of the drive-pipe, with clean, 
sharp gravel, from which all fine sand has been 
sifted. 
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The wall next the bank, or on any side against 
which earth is resting, should be strongly built and 
made watertight — the latter for two reasons : 
firstly, so that water shall not trickle through the 
wall and wash away the backing of earth ; and, 
secondly, to prevent ground water flowing into and 
mixing with the water in the tank. 

When the surroundings are suitable, the tank 
can be left open ; but if cattle are in the neigh- 
bourhood and likely to walk or tumble into the 
tank, or dead leaves from trees to drift into it, an 
oak covering with hinged doors or flaps should be 
provided. Where a valve is fixed on the end of 
the drive-pipe, it is sometimes advisable to have a 
lock fixed on the flap or door. The lock is to pre- 
vent interfering visitors tampering with the valve 
or surreptitiously stopping the supply to the ram. 
Wandering tramps and mischievous boys should 
be guarded against. 





CHAPTER V 
Collecting Water to SurpLV a Ram 



Where there ia no running stream or lake avail- 
able for working a ram, or where such water is 
available but is not suitable for use, a supply can 
sometimes be obtained out of ground which is satis- 
factorily situated. In a part of South Wales, trial 
holes were made in a lai^e field which had a slope 
towards one side. Clay was found under a super- 
layer of gravel and earth, and a few trickling 
P streams of water were discernible. A trench was 
dug across the lower side of the field and down to 
the clay. The trench was filled with well-puddled 
clay, which held up the water that was trickling 
through the gravel over the clay stratum. The 
collected water was directed into a sump, or small 
underground reservoir, constructed to receive it 
The results were satisfactory, sufficient water being 
obtained to work a ram and supply a mansion 
about two miles distant. 

I In another case, in Sussex, a very large area of 
park land was drained with agricultural pipes, and 
the water collected, as shown in the accompanying 
sketch plan, Fig. 8. 
The dotted lines represent opcn-jointcd collect- 
ing pipes, which converge into the tank, A. This 
tank was of a large size, and had a filter-tank 
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tructed for intercepting any sand that was 
vith the water. 

Because of the slope and position of the collect- 

I ing ground, the drive-tanli, B, had, of necessity, to 

I be about a quarter of a mile distant from A, The 

mnection between the tanks was made with 
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fc4-in, vitrified stoneware pipes, jointed together 

f with Fortland cement 

We may leave our subject for a brief period to 
mention that a most curious experience was gained 
after the above 4-in. pipes had been laid for about 
two or three days. One long, straight length of 
the piping was found to be raised in the form of an 
arch above the bottom of the trench in which it was 
situated. The crown or highest part of the arch 
was between 3 in. and 4 in. above the bed of the 

I trench. Several of the pipe sockets were also split 

' and broken, and a considerable length of the piping 
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had to be relaid. There is no room for doubting 
that it was the swelling of the Portland cement on 
setting that was the cause of the trouble described. 
Hence the advisability of exercising care when 
selecting the cement to use for jointing stoneware 
pipes for conveying water. 

Again referring to Fig. 8, at C a medium size 
ram was fixed. The tail-water from this ram 
flowed into another tank at D, to supply another 
ram fixed at E. The waste-water from the latter 
ran into a third tank at F, and worked a small size 
ram at G. 

The available water supply was very limited, 
and not sufficient to drive a ram iarge enough to 
meet the requirements of the mansion. Therefore 
two medium and one small size rams were used as 
described. The three rams all forced water into 
the same delivery- pipe, and supplied an under- 
ground reservoir on an eminence about half a mile 
distant. 

In each tank a hinged flap-valve was fixed, 
similar to that shown at Z, Fig. 7. The dotted 
lines between tanks B and D, and D and F, respec- 
tively represent pipes laid to convey any overflow 
water to the tank immediately below. By this 
arrangement of flap-valve and overflow, ii either of 
the upper rams ceased to act, or had to be thrown 
out of use for the purpose of making repairs, the 
others could still be kept at work. 

It frequently occurs that water springs are 
situated in woods or clumps of trees. The ground 
on which the trees are growing is often very 
irregular, and little brooklets are found to be trick- 
ling through channels scoured on the surface of 
the earth between the trees. In many cases it, is 
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necessary to use this water for domestic purposes^ 
in country mansions. 

Where the levels of the ground are favourable,;! 
the water from these small streams can be collected | 
into a tank and used for driving hydraulic rams ;, 
but where the ground is very irregular, and it isl 
difficult to make use of natural channels, it then i 
becomes necessary to construct small aqueducts.! 
(which may be of brickwork or of concrete) tol 
convey the water to the ram drive-tank. Where! 
cost is a bar to the construction of proper aque- 
ducts, with arches to span hollow or sunken places,. I 
open wooden troughs, having the ends jointed I 
together with puddled clay, are often used. For| 
crossing low levels the troughs are supported on 
rustic wooden trestles, usually made of re 
timbers obtained on the spot. 



For water to be useful as a motive power it must 
be situated in a position higher than the appliance 
it is to actuate. To get the water into an elevated 
position a certain amount of energy has to be 
exerted. This energy may be derived from man, 
animal, or power driven machinery, or from the 
natural action of the sun and wind. 

If ioo gallons of water weighing r,ODO lb. has 
to be raised to a height of loo feet, then i,ooo lb. 
X IOO feet = 100,000 foot-pounds of energy is 
necessary to be exerted to raise the water. 

This is the net energy necessary for raising the 
water. Further energy is required to overcome the 
friction of the moving parts of the appliances used 
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and the friction of the flow of water inside the 
channel through which it is conveyed to its destina- 
tion. A further allowance must also be made for 
the power to exceed the resistance to be overcome, 
otherwise power and resistance would be in a state 
of equilibrium, and effective work would not be 
accomplished. 

If the values of these factors are added together 
and their total equals, say, one-third of the power 
necessary for the actual raising of the water, then 
( ' — ' ?^= J 133,333 foot-pounds must be the 

gross or total power exerted on the appliances used 
for raising the 100 gallons to the height of 100 feet. 

Although this power is necessary to raise the 
water, only 100,000 foot-pounds of energy is stored 
in the elevated water, and a greater amount 
cannot be given off by it. in its application 
to doing work, probably one-third of the stored 
energy would be absorbed by friction of the appli- 
ances used and other details, as previously dealt 
with. Consequently the elevated water would be 
capable of doing only ( — — '- = J 66,666 foot- 
pounds of effective work ; and this is so whether 
the water comes down in a volume or is allowed to 
fall drip by drip into the appliance it has to work. 

Hence, if the water to work a hydraulic ram 
had to be raised to a height (say, pumped from a 
well) by mechanical means, there would be a great 
waste of power, because the appliances used for 
raising the water would be capable of doing what 
was required without the use of a hydraulic ram. 

With a natural supply of water situated in an 
elevated position, the energy which raised the 
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water was derived from the sun and other of 
Nature's forces. 

Water raised by natural forces contains the 
same amount of energy as the water which is raised 
by machinery made by human hands. This applies 
to large or small quantities of water, which is stored 
at elevations of many feet or yards, or only a few 
inches. 

For the foregoing reasons a hydraulic ram 
cannot be economically worked unless a sufficient 
volume of water, raised by Nature's forces to a 
suitable height, is available. 

There are, however, other hydraulic appliances 
— such as hoists, presses, lifts, capstans, Sic— 
which are advantageously worked by water, raised 
by either natural or mechanical means, or forced 
under pressure into main pipes by power-driven 
machinery. In the latter cases the economy is 
derived by having the whole of the energy de- 
veloped in one place, and then transmitted and 
t distributed to other places situated at a distance. 
This branch of hydraulics is, however, beyond the 
scope of this book on Hydraulic Rams. 
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CHAPTER VI 

Sluice-valves on Drive-pipes to 

A FLAP-VALVE should always be fixed on the inlet 
end of a ram drive-pipe. A sluice-valve should 
also be fixed on the inlet end of the ram itself. 
This valve saves a great deal of time when making 
repairs or adjustments to the ram, and obviates 
the trouble of going to the drive-tank to open or 
close the flap-valve. 

The sluice-valve should have a clear straight- 
way through it, so that the line of flow of the 
current is not broken by changing its direction two 
or three times, as is the case when ordinary valves 
are used. Neither should there be any parts inside 
the valve where air can accumulate or be pent up. 
Such confined air would act as a spring buffer and 
rob the ' shock ' of the water of some of its force. 
For this reason the valve should be fixed side- 
ways — -that is, with the spindle in a horizontal 
instead of in a vertical position. 

Figs, 9 and lo show two such valves. Fig. 9 
is screwed for iron at one end and has a union on 
the other end for soldering to a lead drive-pipe. 
Fig. 10 has flanges on the ends for connecting to 
cast-iron pipes. Either of the valves would pro- 
bably require to be repaired or renewed at times ; 
hence the necessity of being able to take it out 
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without running the risk of breaking any part of 
the ram or the drive-pipe. For connecting to a 
lead pipe the valve should have a ground-in union 
and thus avoid having to use any washers, which 
are always liable to 'spring' at each shock of the 
dash -valve. 

The flanges on the other valve could have 
' trued * or turned faces so that no packing would 




ibe necessary. But because such trued faces would 
■rust and ' grow ' together, a millboard packing 
Pshould be used, thus enabling the flanges to be 
' separated without much trouble. Indiarubber 
'ngs are sometimes used, but arc not so good 
i the millboard because of their flexibility and 
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likelihood of 'giving' at each shock caused by the 
closing of the dash-valve. 
Fig. 9 shows the valve open and a clear straight- 
way through the body. Fig. 10 shows the valve 
closed. When the wheel head is turned round, 
E 




the valve is drawn aside by the screwed spindle, 
thus leaving a straight-way through the body for 
the water to flow through. 

The chantibers into which the valves are drawn 
are those referred to in a previous paragraph as 
being liable to contain pent-up air. 
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CHAPTER VII 

Materials for Drive-pipes 

For small-size rams the drive-pipes are made of 
lead or wrought-iron, the latter either plain or 
galvanised. For large-size rams cast-iron is used. 
When the drive-pipes are made of lead they 
should be very strong and not less than the follow- 
ing weights : — 

I in., 9 lb. per yard 

1 in., 12 lb. 
ij in., 1 6 lb. 
1 1 in., 21 lb. 

2 in., 28 lb. 
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and the joints should be * wiped ' and not copper- 
bitted. 

If made of plain wrought-iron the pipes should 
be * steam * strength, and of a larger size than when 
lead is used. The larger size is to allow for corro- 
sion by rusting, which reduces the waterway and 
interferes with the motion of the water. It is 
better, too, when such pipes are galvanised to have 
them a little larger than when made of lead, owing 
to their being rough inside. 

When necessary to have them 2 in., and larger, 
it is usual to fix cast-iron drive-pipes, not only as 
an economy, but because iron is less liable than 
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lead to sag in soft or boggy earth, or be lifted by 
roots when laid in ground situated near trees. It 
is also important that such pipes should be so laid 
that no air can accumulate in them, as would be 
the case if any parts were either raised or lowered, 
thus forming bags or traps. 

Cast-iron pipes should be protected as much as 
possible from rusting, for reasons already given, 
and also because of pieces of rust passing into the 
ram and interfering with the seating of the delivery- 
valve in the air-chamber. This rusting takes place 
more especially after the ram has been left unused 
for a time. Even when, owing to some disarrange- 
ment, it has stopped for a day or two only, a 
quantity of rust has given trouble on restarting the 
ram. 

Cast-iron pipes coated inside with a wash made 
of freshly slaked lime have sometimes answered 
very well. When done in a proper manner with 
[ the solution suggested by Dr. Angus Smith they 
I are very good, but a great deal depends upon the 
method of coating. This should be done in the 
foundry, where the pipes are cast, and when they 
are hot from the moulds. When done afterwards, 
or painted by hand, the pipes frequently rust, and 
complaints have been made of a flavour of the 
coating material being imparted to the water. 

Cast-iron pipes with flanged ends are some- 
times used as drive-pipes, the flanges being bolted 
together with a packing between. The proper 
way for making such joints was described when 
writing on sluice-valves. 

Socketed cast-iron pipes are those mostly used, 
and they should be very strong or they will break 
under the water shocks inside. 



The dimensions and weights should not be ieffil 
than as follows : — 
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The joints on cast-iron socket pipes, when 1 
coated with Smith's solution, are sometimes made 
with rust cement. When the pipes are coated the 
cement does not ' rust ' properly, and the joints are 
not at all good under those circumstances. 

The constituents of rust cement are sal- 
ammoniac, flour of sulphur, and iron borings from 
an engineer's shop. When the latter are 'oily' 
they should be made red hot to burn off the oil. 

; proportions should be carefully attended to, 
because if the cement is made too strong it will 
rust with such violence as to burst the pipe sockets. 

The proportions for medium-setting cement are 
by weight as follows : — 

1 powdered sal-ammoniac. 

2 flour of sulphur, 
100 iron borings. 
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And for slow-setting; — 

2 powdered sal-ammoniac. 
I flour of sulphur. 
200 iron borings. 

Sometimes urine is used instead of sal-ammoniac. 

When coated pipes are used, caulked lead joints 
are the best. The sockets should have grooves 
inside, as shown at H, and the spigots have beads 
on the ends, as at I, Fig. 1 1. When making such 
joints care should be taken to have the bore of the 
pipe properly aligned, 
to avoid having sharp 
edges inside for the 
water to impinge against 
and cause eddies. 

When making 
caulked joints it is usual 
to first ' yarn ' them ; 
that is, to drive or caulk 
into the annular space 
between the pipe end 
and the socket a few strands of yarn or loosely 
twisted soft rope. The yarn is for the purpose of 
preventing the molten lead running into the pipe. 
Too much yarn should not be used, or the joint 
will be weak, and the lead driven out by the shock 
of the water inside when the dash-valve closes. 

After yarning the joint a clay band is usually 
placed outside, as shown by dotted lines at J, and 
molten lead poured into the opening left in the top 
at K. The lead shrinks as it cools, and to make it 
fit tight in the socket it is ' staved ' on the exposed 
surface to make it expand, and thus fill up the void 
left after the shrinkage has taken place, 
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Because yarn will rot away in time, and when 
tarred imparts a flavour to the water, a better joint 
is made by caulking the bottom of the socket with 
pieces of rod lead, or with thick sheet lead cut into 
strips about half an inch wide. About three strips 
are used, each one being well caulked before placing 
in the next one. The remainder of the space is 
filled with molten lead and staved as before 
described. 

Another material recently introduced is ' lead- 
wool,' which consists of finely divided strips of lead 
twisted into a rope. Lead-wool does not rot away 
in the same manner as yarn. 

A turned and bored joint Is shown by Fig. I3. 
The beaded end at L is turned true to fit the 
bottom of the socket. 
This joint has the ad- 
vantage of ensuring a 
true bore in the pipe, 
and docs away with 
the necessity of using 
yarn. 

All pipes in con- 
nection with rams 
should be laid not less 
than 2 ft, below the 
ground surface, so as to be beyond the reach of 
frost. Running water does not freeze to the same 
extent as that which is still. But because rams 
sometimes stop for the want of attention, the water 
in the pipes will then freeze during cold weather. 
This causes some trouble, especially when a 
mansion or other premises depends upon the water 
supplied by the rams. 





CHAPTER VIII 

Sizes of Drive-pipes to Rams 

The flow of water through a drive-pipe to a 
hydraulic ram is not continuous, and can be best 
described as ' stop and start.' This causes the 
speed of flow to vary very much. The speed is 
also governed to a great extent by the length of 
the pipe and the height to which the water is being 
raised when the ram is working. 

The author has carried out a lai^e number of 
experiments with the view to formulating rules for 
calculating the necessary sizes for drive-pipes. To 
enumerate all the experiments, and the conclusions 
arrived at, would be tedious, and would not serve 
any really good purpose. It would also have a | 

tendency to cloud what should be clear and easily 
understandable by ordinary men who have to deal 
with rams. With this principle in view only a few 
results will be here dealt with. 

With a i" drive-pipe, 60' 4" long, it took 4 
minutes 10 seconds to run a measured quantity of 
28 gals, of water through the ram when the 
dash-va!ve was held down. With the same quantity 
of water, and the ram pumping to a height of 
64 ft., the time occupied was 9 minutes 10 seconds, 
or 9' io"-^4' io" = 2'2, or a little more than twice 
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as long as when the flow of water through the 
drive-pipe was continuous. 

Under exactly similar conditions, but with the 
drive-pipe 15 ft. long, the times were 3 minutes 
30 seconds and 8 minutes 45 seconds respectively. 
This gives 8'4s"-^3'3o" = 2-s. 

With the drive-pipe equal in length to the 
vertical distance between the dash-valve and the 
surface of the water in the drive-tank, which was 
7' 4", the respective times occupied in discharging 
the same measured quantity of water, as in the 
other experiments, were 2' 20" and S' 30", and 
8' 3o"-H3' 20" = 3-(54. 

A mean of the three foregoing results=278, 
or, say, 3, That is, the drive-pipe to the ram 
should be of a size capable of discharging about 
three times the quantity that would pass through 
if the dash-valve was held down, so that the flow 
was continuous. 

Put in another way : — The average speed of the 
forward flow of water is only about one-third of that 
of a continuous flow. Although the variations indif- 
ferent makers' rams and the conditions under which 
they are fixed are considerable, it maybe taken as 
a fair average that the drive-pipe to a ram should 
be of a size capable of discharging three times the 
quantity of an ordinary service-pipe fixed under 
similar conditions with regard to the head of the 
water on the pipe. 

To work an example : — Assume that to raise a 
certain quantity of water to a given height it will 
be necessary to supply the ram with 30 gals, per 
minute ; the height of the feed water being 8 ft, 
above the ram, and the length of the drive-pipe 
90 ft. 
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The calculation should be based on the assump- 
tion that (30 X 3=) 90 gallons would be required, 
although only 30 gals, are actually used. 

The size of pipe to deliver this quantity can be 

found by Box's rule, which is : d= ( — -- ]^-=-3 ; 

in which r^=diameter of pipe in inches, G = galIons 
• per minute, L= length of pipe in yards, and H = 
head of water in feet. 

For the solution of the problem : — 

The nearest stock size of pipe is 3 in. In the 
above case the 3" pipe should be used, because 
there is slight retardation of flow caused by the 
friction of the water on the edge of the inlet end 
of the drive-pipej which friction was not taken into 
consideration in the data on which the problem 
was worked. 

In all cases the diameter of the body-pipe of 
the ram should be the same as that of the drive- 
pipe — that is, it should neither be smaller nor 
larger. 

Increasing the size or diameter of the drive- 
pipe does not incicasc the working capacity of the 
ram, because the latter, including the dash-valve, 
has to be enlarged in proportion. Otherwise the 
force of the shock will be reduced by being spread 
over a lai^er area of surface, both on the valve and 
on the inside of the body-pipes. 

With a small-size drive-pipe of a good length, 
and a dash-valve of proportionate size, the same 
parallel column of water moving in a body would 
strike on a smaller surface with much greater 
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results than would be the case if the surface of 
impact was larger. 

There are several rules given in engineers' 
books for the proper sizes of drive-pipes ; but, on 
scrutiny, they are not found to be reliable for rams 
of modern construction. The efficiency of the 
earlier makes of rams was far below that of 
present-day appliances ; therefore the proper sizes 
of such pipes can best be found on the lines laid 
down in this Chapter. 



SIZES OF DELIVEKY-PIPES 
With regard to the proper sizes for the delivery- 
pipes of rams it would be a difficult matter to lay 
down a hard and fast rule, and we cannot do 
better than use that for the delivery-pipes of lift- 
pumps, which is, that they should not be less than 
half the diameter of the barrel or, in the case of 
rams, of the drive- pipe. 

The following table about agrees with this, and 
also some ram-makers' advice on the subject : — 



Drive pipe. 


Delii'«y-pipe for 
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For long distances, of ^ mile and upwards, the 
third column should be used ; also in places where 
proper attention is not paid to the rams, and their 
air-vessels properly re-charged when necessary. 
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CHAPTER IX 

Lengths for the Drive-pipes to Hydraulic 
Rams 

Success or failure in the working of a hydraulic 
ram depends almost entirely on the size and 
length of the drive-pipe. Although here dealt 
with separately, in practice size and length re- 
spectively must be taken conjointly ; the former 
for supplying the necessary volume of water, and 
the latter for giving force to the water thus supplied. 

Assume that lO gals, of water are passing into 
a ram in one minute. If this water flows from a 
height of loft, then, nominally (logals. x loft, =) 
lOO foot-gallons of flow-energy is exerted. 

But if the water flows through a drive-pipe 
which is so ft, long, it does not exert the same 
force in the ram as it would through a similar pipe 
lOO ft. iong. 

Assume a pipe z" in diameter, and further 
assume that a cubic foot of water weighs 62*5 lb. 
The weight of water contained in 1 ft. of i in. 

/62-5 lb. X 78 ;4 > ,, 
^'^^"l 12" X 13" J'^'^- 

The water contained in 50 ft. of 2" pipe weighs 
(SO X 3' X -34 =) 68 !b. The 100 ft. of 2" pipe 
would ho!d double that quantity, or 1361b. It is 
obvious that an iron rod which was 3" in diameter 
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ind weighed 68 lb. would not strike an end blow 
;uch force as a similar rod of the same 
diameter and weighing 136 lb. Each rod falling 
endways from the same height would travel ap- 
proximately at the same speed. 

Water, however, would not travel at the same 
speed in the two pipes because of the e.xtra friction 
I in the longer pipe, as the following calculations 
I show, 

Eytelwein's formula for finding the velocity of 

flow in water-pipes is V = 'Q-t/2fk, in which V = 

velocity of flow in feet per second ; _/"= fall in feet 

[ per mile ; and /; = hydraulic radius, or diameter of 

I pipe in feet -> 4, 

For the pipe 50 ft. long, and a head of 10 ft, 
I the fall in feet in two miles = 

1760 yds. X 3 ft. X 10 ft. ^ 




-> 



- = ■041,5= 



ft. 



And V = -9v'2ii2 X -0415 = 8'434 
i second. 

For the 2" pipe which is 100 ft. long, 
I 2/= [(1760 X 3 X 10)^ 100] X 2 = 1056. 
And V = -9^1056 X 0415 = 5*958. 
It has already been shown that the mean 
velocity of flow in a drive-pipe to a ram is only 
one-third the velocity in an ordinary water-main. 
At the moment of impact with the dash-valve of 
I a ram, however, the velocity of flow may be taken 
I as being two-thirds the theoretical velocity. 

On this supposition, and also that the beats of 
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the valve are once per second, with the 50 ft. long 
drive-pipe ihe dash-valve will strike against its 
seating with a force of 

^68 lb. X ^:^MJ:^ =)382 velocity- pound.s. 

For the pipe which is lOo ft. long, the force 
exerted will be (^136 lbs. x ^-^58_x^ ^> ^^^ 

velocity-pounds. 

The calculations show that the water in the 
100 ft of pipe develop,? an energy of 

( s~ ~ 1 H'l ^s compared with lOO for the 

pipe which is 50 ft. long. 

In a future Chapter will be given the result 
obtained under varying conditions of experiments 
with an actual ram.' During these experiments 
the movement of the water inside the air-vessel (as 
seen in the glass gauge fitted at the side for this 
and other purposes) was found to differ very much 
when the actions caused by long and short drive- 
pipes were compared. 

With the short drive-pipe the water appeared 
to be 'jerked' into the air-vessel; but with the 
long drive-pipe the water appeared to be ' pushed ' 
into the air-vessel, if a difference in the two forms 
of expression can be understood as applying to the 
actions. i,In other words, with the short drive-pipe, 
at the same instant that the dash-valve closed 
water was quickly forced into the vessel ; but with 
the long drive-pipe the water continued to rise for 
a short time afterwards, thus showing that the 
motive force was sustained for a longer time. ■ 
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This difference of action between the use of the 
two pipes was further illustrated when stopping the 
working of the ram by holding the spindle of 
the dash-valve between the fingers. When the 
short drive-pipe was in use very little effort was 
required to hold the valve tight up to its seating; 
but when the long drive-pipe was used a very 
strong pulling power was found to follow each 
stroke of the dash-valve. The pull was repeated 
two and three times at intervals of about a second 
or a little more. In the first case the action of the 
ram could be immediately stopped, and in the 
second case the valve had to be held firmly for a 
few seconds, otherwise the ram would again start 
into action. The conclusions to be drawn from the 
foregoing observations are : that the oscillation of 
the water in the drive-pipe to a hydraulic ram is 
the same as the o.scillation of the water in a water 
service-pipe. When a draw-off tap attached to a 
short length of service-pipe is quickly closed, only 
a single ' thud ' is heard ; but when a tap on a 
long length of service-pipe is quickly closed a 
series of ' thuds ' follow each other, and decrease in 
intensity until the water becomes motionless, when 
all sound ceases. 

Although the force of the moving water is 
greater with the longer pipe, and a larger quantity 
is forced through the delivery-valve at each stroke 
of the dash-valve, it will be shown in the Tables of 
Experiments (see pp. 5S to 61^ that the beats of 
the valve are slower with the longer pipe, and also 
that a longer time is necessary for a measured 
quantity of water to pass through the ram. This 
matter, however, will be further dealt with when 
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the results are given of a few selected experiments 
out of several hundreds that have been made. 

An ordinary ram-maker's rule is 1 — 

Length of drive-pipe = vertical height the ivater 
is to be raised. 

This rule, however, cannot be accepted as being 
suitable for all conditions, because in one case the 
length of the delivery-pipe may be only 100 yards ; 
and in another case the pipe may be a mile or two 
long. 

Mr. James Keith, a well-known maker of rams, 
in a table supplied by him to the author of Clarke's 
' Tables,' gives the lengths of drive-pipes as being 
from 40 yards for a small-size ram to 160 yards 
for one of a large size, the head of drive-water 
above the ram being 10 to 20 ft,, and the height 
to which the water is raised 100 ft. 

The following Table is an average working rule 
for finding the proper lengths of drive-pipes, when 
h does not exceed 100 ft. and the distance of the 
reservoir does not exceed half a mile. H denotes 
the height in feet of the drive-water above the ram, 
and h the height in feet to which the water is 
raised : — 



H= . . . 




3 


4 


s 


6 1 7 1 8 , 9 


« 


Wliete the height 
exceeds 100 ft. 
h * 


3 '5 


a-8 

3-25 


2-65 

3'0 


2-45 
2'S 


215 

z-6 


:: 


I -85 I 65 

2-25 2-1 


1-5 

2-0 



Large numbers of rams are fitted up with drive- 
pipes much shorter than those given above. Such 
appliances, however, are always very troublesome 
to adjust. The author's experience is that with 
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a short drive-pipe the dash-valve is apt to chatter 
and then hang up. This hanging up is due to the 
water not reflowing in the drive-pipe sufficiently 
far to form a vacuum beneath the valve. If the 
valve only partially opens it chatters, and then 
remains closed. 

It should, however, be remembered that if the 
drive-pipe is too long the shock of the drive-water, 
when working under a low head, is sometimes 
so great as to smash or otherwise injure cither the 
delivery or the dash valve. Unnecessary strain is 
also brought to bear on the body-pipe of the ram 
and on the joints of the drive-pipe. 



HEIGHT OF DRIVE-WATER TANK AIJOVE RAM 

Head or height of the drive-water tank above a 
ram has to be considered, because active force is 
not imparted to the water unless it flows or falls 
from a height. 

The higher the head of the drive-water, the 
higher the velocity of flow through the drive-pipe ; 
and the greater the subsequent shock of the dash- 
valve, the larger the quantity of water forced 
through the delivery-valve at each such shock. 

Too great a head, however, is not advisable, 
because of the injury done to the ram or the 
working valves, or to the drive-pipe and the joints 
in it 

When dealing with the head of water to work 
a ram, the length of drive-pipe has to be taken in 
the same connection. It has been before shown 
that retardation of flow by friction is increased in 
proportion to the length of the pipe. 

Box's rule for finding the head to discharge a 
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Height of driVe-water tank above ram 4" 

given number of gallons per minute through a pipe 
of a stated length and diameter is as follows : — 



G'xL 



in which H =head of water in feet ; 



C3dy 

G = gallons discharged per minute; L=length of 
pipe in yards ; and d = diameter of pipe in inches. 

To work an example : Assume the drive-pipe 
to a ram is 2 in. in dianneter and 100 ft. long, and 
that 20 gals, per minute must pass through the 
ram to raise the desired quantity to the storage 
tank or reservoir. 

It has already been shown that the pipe must 
be capable of discharging three times the actual 
quantity that passes through the ram ; but in the 
assumed problem the size of the pipe is given as 
being 2 in. Hence, the drive-tank must be at a 
height that will give a velocity of discharge equal 
to (20 X 3 =) 60 gals, per minute. 

On this basis H =(^'^ilj^p)=) IS'4,6, 

or, say, 16 ft, as an allowance for loss of head by 
friction of entry into the inlet end of the drive-pipe. 

In all cases H, or head of water, is measured 
from the surface of the water, and not from the 
bottom or any intermediary depth of the tank. 

By the above rule any variations of the assumed 
problem can be readily found. 

In many cases the level of the water in the 
drive- tank varies considerably. This, however, 
will be dealt with in the Chapter on automatic- 
acting gear for stopping the ram when the supply 
is so reduced as not to be sufficient to work it. 
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CHAPTER X 

Experimental Rams 

Fig. 13 is a drawing of a hydraulic ram made by 
the plumbing students for an Industrial Exhibition 
at the Polytechnic, Regent Street, London. The 
whole is made of lead, excepting the delivery-valve 
inside the air-vessel at L, and the dash or working 
valve at M. The ram was worked from a cistern 
(N) made out of 6 lb. sheet lead, with a wiped 
soldered seam on the side and a wiped flanged 
seam round the bottom. This crudely-made ram, 
with a working-head of 5 ft., raised water to a 
height of 50 ft. 

The drive-tank, N, was kept filled with water 
from a main, a ball-valve being fixed for auto- 
matically stopping the supply when the ram was 
not working. The dash and delivery valves were 
built up out of odd pieces of iron and brass which 
happened to be at hand. The screws only were 
purchased. The stop-cock, O, had a full or clear 
waterway, and was an old one di.scovered lying 
about in the workshop. 

The drawing is made to scale, the author 
having been applied to several times for particulars 
for making such a ram. If any reader feels dis- 
posed to make one, he should use a i-in. drive-pipe 
and a ^i"- delivery-pipe. He can also use a i|-in. 
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ordinary plumbers' spindle-valve, fixed so as to 
open downwards, for the dash-valve, and a ^-in. 
spindle-valve for the delivery. The stop-cock, O, 
s not actually necessary, but it is more convenient 




than a plug in the inlet end of the drive-pipe for 
stopping the supply to the ram. 

Fig. 14 is a drawing of a small (or A size) ram 
supplied to order by Mr. James Keith, and fitted 
up, as shown, for e.xperimental purposes, and for 
demonstrating to ' the students attending the 
plumbing classes at the Polytechnic, Regent Street. 



In the drawing the drive-tank, P, is the old one 
that was described in connection with the ram 
shown in Fig. 13. The glass gauge at Q is for 
showing the quantity of water, in gallons, in the 
tank. For the sake of being exact, the gauge was 
marked from the water which was actually measured 
into the tank. 

The ram R, Fig. 14, stands in a large zinc- 
lined wooden sink, from which a pipe is fixed for 
conveying the waste water to a drain. On the 
left side of the air-vessel a glass gauge, S, is fixed 
to show the extent to which the air is compressed 
when the ram is raising water to different heights. 
The gauge also enables an observation to be made 
as to the movement of the water inside the vessel 
at each beat of the dash-valve. 

At T is a pressure-gauge by which can be com- 
puted the height to which the water is being raised 
when the ram is working. The delivery- pipe, U, 
empties into the cup at V. The stop-cock at W 
is for the purpose of throttling the delivery-pipe, 
so that the pressure-gauge will register a resistance 
equal to the height the water would be raised if 
the pipe was carried to a higher level than is shown 
in the drawing. 

The water from the cup V runs into two 
measuring cylinders, X and Y, which are made 
out of pieces of lead soil-pipe. These cylinder's 
are coupled together at the bottom, and have a 
stop-cock at Z. By this arrangement, when the 
water is being raised to a low level and a large 
quantity is being delivered, both the measuring 
cylinders can be used ; but when the ram is sending 
the water up to a great height and only a small 
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quantity is being delivered, the cylinder X can be 
used singly. 

The quantity of water contained in X is shown 
on the glass gauge A ; the figures representing 
i gals. The gauge shows 6^ quarts of water in 
the cylinder X. When both cylinders are in use 
the figures on the gauge have to be doubled, to 
show the quantity of water contained in the two 
cylinders. 

Three separate drive-pipes are shown in the 
drawing. That marked B is 60 ft. 4 in. long; 
that at C is 15 ft, ; and that at D is 7 ft. 10 in. 
long. The drive-pipes are all i in., and the 
delivery-pipe ^ in. in diameter. These sizes 
correspond with the connections to the ram. 

The inlet ends of the pipes are .slightly opened 
with a tan-pin, and the inner arris taken off with 
the view to reducing the friction of entry as much 
as possible. 

The tank holds about 32 gals., measured above 
the inlet ends of the drive-pipes, and is 19 in. 
deep. The working head when the tank is kept 
filled, through a ball-valve, is 8 ft. 2 in,, and when 
half empty, 7 ft. 4 in. These heights are measured 
above the centre of the inlet end of the body-pipe 
of the ram. 

These particulars are given because a verj' large 
number of experiments have been carried out with 
the ram referred to, some of which will be dealt 
with in the following Chapter, 
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CHAPTER XI 

Preliminary Experiments with the 
Drive-Pipes 

Before carrying out any experiments as to the 
actual duty to be obtained from the ram shown 
by Fig. 14, it was deemed advisable to make a 
few preliminary trials with the view to finding out 
the differences in the flow of water through the 
drive-pipes B, C, and D respectively. They were 
accordingly disconnected from the ram, and the 
time noted that it took to empty the cistern, which 
was filled to the 30*5 gal. mark. The pipes were 
afterwards connected, and the time noted that it 
took to run the same quantity of water through the 
ram when the dash-valve was held down. 

The results are here given in tabular form 1 — 



Drive -pipe. 


r^^dte^g 


Pipe pluggtij in 


Pipe.. 


nd'd^h."' 








the asuin end. 


vai.e 








Mts. Sees. 


Mts. Seca. 


Ml! 


S=o 






3 30 


3 41 


4 


45 






2 40 


2 45 










2 30 


2 35 


3 







To compare the relative velocities of flow 
through each of the three pipes, the cistern holding 
305 gals. :— 

The pipe B emptied the water through the 



ram in 4 minutes 45 seconds. It has already been 
shown that 1 ft. of i-in. pipe contains '034 gal. ' 

Then the velocity of flow = ( ^-'^ ^als-. ^ \ 
\'034 X 285 seconds / 
3-147 lineal feet per .second, which is equal to a 
discharge of 6'42 gals, per minute. 

The pipe C took 3 minutes 30 seconds, or 
210 seconds, to empty the tank. This gives a 
velocity of 4-27 ft. per second, or 87 gals, per 
minute.- 

The pipe D was 200 seconds in emptying the 
tank. This gives a velocity of 4'48 ft. per second, 
and a discharge of 9 gals, per minute. 

A further comparison can here be made as to 
what may be termed the 'striking force' of the 
water passing through each of the three pipes. 

The pipe B is 6o'3 ft. long, and holds 6o'3 x 
■34 lb. = 205 lb. of water. Flowing with a 
velocity of 3'I47 ft. per second, the water strikes 
against the dash-valve with a force of 20'S x 
3'147 = 64-5 velocity-pounds on each circular inch 
of surface. 

The water passing through pipe C strikes with 
a force of 15 ft. x '34 lb. x 4-27 velocity = 2177 
velocity-pounds. 

With the pipe D the striking force of the 
water = (7-33 ft. x -34 lb. x 4-48 velocity =) 
II-I6 velocity-pounds. 

Roughly speaking, the water passing through 

2 pipe B exercises three times the force of that 

ssing through C, and C has double the force of D.' 

In practice the above values would not always be 

Inexactly as given, because the speed of flow of the 

I water at the moment of impact with the dash- 

' See also the leniaiks on page 44. 
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valve cf the ram would in many cases be lower 
' than stated in the various examples. The illustra- 
tions given, however, show the great advantage of 
a long drive-pipe over a short one, and emphasise 
the reasonings given in the Chapter on the length 
of drive-pipes. 



PRELIMINARY EXPERIMENTS WITH AIR-VESSEL 

The next trial experiments were made with the 
view of comparing the degree of air-compression in 
the air-vesse!, as shown by the glass gauge indicated 
at S, Fig, 14, and the height to which the water was 
being raised by the ram, as registered by the pressure 
gauge shown at T in the same drawing. 



Experiment I 



With the drive-pipe D, and a head of water 
varying from 8' 2" to 6' 6" :— 
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Experiment II 

Continuation of last, but with a constant head 
of 8 ft. 3 in. :— 
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Fig. 15 is a drawing of the ram air-vessel, and 
on the right-hand side is a diagram showing the 
compression curve of the air in the vessel under 
pressures extending from i to S atmospheres above 
the normal ; one atmosphere of pressure being 
taken at 30 in. of mercury and at a tempera- 
ture of 60° Fahr. Two atmospheres of pressure — 
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that is, one above the normal — reduces the air to 
half the space ; three atmospheres, or 2 above the 
normal, reduces the air to one-third the space ; and 
so on for other increases of pressure. 

By the aid of the diagram the extent of the air 
compression in the vessel can be noted. The 
height to which the ram is raising water can also 
be seen at a glance, either by readings taken from 
the pressure gauge or by noting the level of the 
water in the glass gauge attached to the side of 
the vessel. 

Also by the aid of the diagram any small mis- 
takes made when taking observations are easily 
corrected, and intermediate readings found without 
having to make tedious arithmetical calculations. 
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CHAPTER XII 



Experiments to Find the Duty of a Ram 
UNDER Varying Conditions 



Experiment III 

With the drive-pipe D (see Fig. 14) and with a 
flying start ; that is, the records were not taken until 
the pressure gauge stood steady. Each test was 
timed to 4 minutes. 



W.Hr 












Duh- 


Hfi^doB 


Efficiencj 


taugc 






Gallon. 


Gallon. 


Gslloni 




drive -pipe 






bib. 


.1™ 




tued. 




bpM. per 




per Hint. 


[nchea. 




in frot. 










ai-eiage. 


ofduljr. 


Q 


40 


g-i 


S33 


13 '33 


80 


"5° 


700 


53 


i 


7*5 




5 


66 


I6-CO 


lo'34 


'50 




86 


3i 


I2'S 






66 


1575 


14-9 


118 




43 


6i 


82 -S 


5i'8 




6 


15s 


149 


114 




28 


7* 


2S-0 


64-5 




4 


160 


15-6 


114 




23 


7i 


29 '0 


66-8 




1^5 




10-S7S 








H 


340 


7a "3 


■izS 


1175 


uOh 


no 




12 



p 



It should be noted that although the first two 
items show a like number of valve beats as having 
taken place in the same period of time, the second 
one gives a larger quantity of water both used and 
raised. The height of the delivery is also greater, 
and a higher percentage of duty thus obtained, 
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^^M In these two experiments the dash-valve opened 
^^H only a very short distance, but as the height of 
^^K delivery was increased, the stroke lengthened, and 
^^M when beating 112 and 110 strokes per minute, the 
^^H valve opened to the full extent. But the force of 
^H the falling water was not sufficient to raise any 
^H considerable quantity when the height of the 
^H delivery was increased, as shown by the last two 

^H Experiment IV 
^^ All as last, but with the drive-pipe B. 
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The above Table, No. 4, shows a much more 
even series of results, both with regard to the 
vaive beats, quantity of water used and also raised. 
With the long drive-pipe a considerable increase is 
found in the percentage of duty performed, and 
this is shown by a comparison of the tables. The 
reduction in the percentage of duty when water is 
being raised to great heights may be partially 
accounted for by assuming that air is an elastic, 
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and water a solid, fluid. When the vessel is filled 
with air the water forced through the delivery- 
valve meets with very little resistance, because the 
air is easily compressed to make room for it. But 
when the vessel is nearly filled with water, the air 
being tightly packed in the upper portion of the 
vessel, any incoming water is resisted by that above 
the deli very- valve, which is also pressed down- 
wards by the compressed air. The water is also 
moving downwards in the air-vessel, and its motion 
has to be reversed against the pressure exerted by 
the elastic air. Force is thus partly expended in 
lifting the water into the air-vessel, and partly in 
reversing its direction of movement. 

The next experiments were with a measured 
quantity of 28 gals, of water, and a varying head 
averaging y$ ft. on the drive-pipe. 



Experiment V 
With the drive-pipe D. 
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Experiment VI 
With the drive-pipe C. 
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Experiment VI t 
With the drive-pipe B. 
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The whole of the experiments were carried out 
with the same ram and pipes, and no alterations 
were made to suit the varying heights to which the 
water was raised. The working conditions were 
the same throughout, with the exception of the 
lengths of the drive-pipes, and the adjustment of 
the stop-cock on the delivery-pipe. 

A comparison of the experiments, as shown by 
the Tables V, VI, and VII, will again confirm 
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previous statements as to the necessity of having 
long drive-pipes, especially when the height to 
which the water is delivered is considerable. 

It has already been shown that the percentage 
of useful effect of a ram decreases as the proportion 
of lift to fall increases. The following Table is 
based on Daubissan's rule for finding the efficiency 
of rams, which is C = f42 —{■2?,i,/k -i- H), in 
which C is the percentage of useful effect ; h is the 
height of the delivery in feet ; and H = the head 
of the drive-water in feet. 
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If this Table is compared with the tabulated 
experiments Nos. V, VI, and VII, it will be found 
to give results which are much too high for the 
short pipes C and D, Fig. 14, but agree with 
many of the items based on experiments carried 
out with pipe B in tlie same figure and shown in 
Experiment VII. Hence, the Table is useless for 
ram problems unless the drive-pipe is of a suitable 
length. 
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For the benefit of plumbing students, it may 
be here explained how the percentage of duty, as 
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given ill the last columns of the foregoing Tables of 
Experiments, is calculated. 

The power which works a. hydraulic ram is the 
quantity of water that flows into it, multiplied into 
the height from which the water falls or flows. An 
example is taken from Table VII of the experi- 
ments. Twenty-eight gals, of water are used, and 
they flow from a height of 7'5 ft. Then 28 gals, x 
7-5 ft. = 210 foot-gallons of flow-energy or power 
was exercised. 

The useful effect was $-66 gals, raised to a 
height of 25 ft. This gives 25 ft. x 5-66 gals, = 
l4rS foot-gallons of water raised. By dividing 
the useful effect by the energy exerted the duty is 
ascertained. 

Thus ^41:5^-67 
210 



67 . 



; 67 per cent 



Stated concisely the problem would be 
5;66_x 25 

Ts'x'ri '' 



.■67 



k. 



or 67 parts out of every hundred of energy usefully I 
exerted, the remainder being absorbed by, or con- ' 
tained in, the machine and the water inside. 

The remaining 33 parts are not by any means 
wasted, but are doing duty to the utmost extent 

A portion is required for lifting and suddenly 
closing the dash-valve. Another portion is neces- 
sary for lifting the delivery-valve, inside the air- 
vessel, and the water above it, and also in stitl 
further compressing the air in the upper part The 
enei^ exercised in compressing the air is trans- 
mitted to the water in the delivery-pipe to keep it 



in motion between the beats of the dash-valve. A 
further portion of the 33 parts is absorbed by 
friction of the water in the pipes, and a consider- 
able part is required to reverse the direction in 
which the water is travelling in the drive-pipe. If 
this water does not reflow the dash-valve will not 
open, but will be held up to its seating, and thus 
stop the action of the ram. 

Again, the further the water is driven back the 
greater the force with which it returns. With a 
short drive-pipe the water can return but a short 
distance, so that the intervals between the change 
of direction of flow are very small. The practical 
experiments also show that there is a great diflfer- 
ence in the number of strokes per minute between 
the three pipes which were used. There is also 
more waste with the short pipe. The reason for 
this is obvious, because the dash-valve opens three 
to four more times than with the long drive-pipe. 

The experiments have also shown that with the 
short drive-pipe the increase in height to which 
the water is being raised results in a decrease in 
the number of beats per minute of the dash-valve 
and also in the quantity of water raised. With the 
longer drive-pipes the results are more even. 



CHAPTER XIII 

Rules for Finding the Working Capacity 
Of A Ram 

To state the rules concisely and avoid long 
written descriptions, assume that : — 

Q = quantity of water used in gallons, 
q = quantity of water raised in gallons. 
H = head on drive-pipe in feet, 
h = height to which delivered in feet. 



Then Q = 



H " 



H = 



h=! ^ 



To explain the first formula in words : — 

The quantity of water necessary to work a ram 

is equal to the quantity raised multiplied by the 

height to which raised, and divided by the head 

on the drive-pipe ; the height and head being in 

^^ feet, and the quantities used and delivered being 

^^L in gallons. 

^B Example I 

I 



Find the quantity of water necessary to raise 

gals, to a height of 50 ft., the surface of the 

water in the drive-tank being 6 ft. above the ram, 
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Then Q = i^^ ^o ^ g^.^ g^jg 

For rough approximation, allow one-third more 
for friction and excess of power over work, and this 
gives a total of 

«^_'? '^ =111 gals. • 

3 ^ 

as the actual quantity necessary. 



Example II. — To find H 

IfQ = So 
q = 6 
h = 30 

Then H = ^ ^ ^o ^ g, 

SO ^ 

To which add one-third = 3'^ ^ ^ = 4-8 ft head 

3 
on drive-pipe. 

Example III. — To find q 

When Q = 40 
H =6 
h = 6o 

Then q = 3_- — = 4 gals. 

00 

In this case one-third must be deducted from 



4 X 2 _ ^. 
actual quantity raised. 



the results ; and this gives = 2*66 gals, the 



^^V RU 
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Example IV.— To find h 
When Q = 60 
H = 10 
q = 5 
Tlien h = ^ ^ ' - = 120 ft. 
S 

in this Case, too, one-third must be deducted 
which gives = J So ft, the height to which 

the water would be raised. 

In the above calculations no time fordoing the 
work was mentioned, and neither is it necessary, 
as the time during which the power is being exerted 
equals that in which the actual results are obtained, 

In the foregoing random examples a constant 
of one-third of the quantity was taken as an allow- 
ance for excess of power over load, &c., in all cases. 
But by studying the results in Experiment VII, the 
percentage of so-called loss is found to vary from 
33 to 54, thus showing that one-third the value 
would not apply under all conditions with regard 
to the quantity of water either used or raised, or 
for variations in the height of feed or delivery. 

If the results given in Table VII are dealt 

I with, and the lowest is deducted from the highest, 
this gives 67 — 46 = 2 1 difference in the percentage 
of useful effect ; and if the lowest is deducted from 
the highest height raised this gives 1 1 5 — 2 5 = 90 ft. 
mi 



Thus 



90 _ 



From this it may be assumed that an approxi- 
mate loss of I per cent, is due to every increase of 
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4'2 ft in the height to which the water is raised 
when the data based on the results shown by ex- 
periment in Table VII are used. 

To FIND THE Necessary Lengths of Drive- 
pipes so THAT EACH OF THE EXPERI- 
MENTS IN Table VII showed the same 
Efficiency as the First One 
The pipe was 60 ft. long, and with varying 
conditions gave an efRciency of 67, 63, 62, 58, and 
46 respectively. Although it is the quantity or 
weight of water that gives the impulse, that need 
not be taken into the calculations, because the 
length of pipe represents the comparative propor- 
tion of water necessary to do the required work. 

Then proceed as follows by ordinary rule of 
three: — 

As 63 per cent. : 60 ft :: 67 per cent, : 6y8 ft, 
^the length of drive-pipe necessary for gaining 
the same percentage of duty for the second as for 
the first in the Table. 

For the third experiment, by the same reason- 
ing :— 

^_^7 ^ 6g ft nearly. 
'62 ^ 

For the fourth experiment — 

60 X 67 r, , 

5—^ = 70 ft. nearly. 

5° 
And for the last in the Table — 

^ ^^^ = 88 ft. nearly,' 




Although a drive-pipe 60 ft. in length was taken 
as a basis for the foregoing workings, it should be 
clearly understood that it is not an ideal length, 
or the length of pipe that should be used for 
a ram under any and all conditions. On the 
contrary, it may be considered as a minimum 
length for low lifts. For high lifts the working 
rules given on page 45 would give far better 
results. 

By lengthening the drive-pipe there is an in- 
crease of friction of the inside water, and the 
length of stroke is increased. The longer column 
of moving water would occupy more time in 
reversing the direction of its flow, resulting in 
slower beats of the dash-valve. But the ultimate 
results would be about the same as worked out 
theoretically above. 

When work or resistance is increased the power 
to overcome it must also be increased. 

Having dealt with increase of power by 
lengthening the drive-pipe, it will now be shown 
that the same object can be obtained by raising 
the height of the drive-tank. 

In the preceding examples the height of the 
feed-water surface was y^ ft. above the ram, and 
(from Table VII) raised a portion to a height of 
25 ft., developing an efficiency of 67 per cent. By 
the same reasoning as was used for the drive-pipe 
length — 

7-5 X 67 ^g ft nearly. 



the height the water in the drive-tank should be 
for the second experiment. 
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For the third — 

7 5 >= 67 _ 



For the fourth — 

7 5 X 6 7 _ 



9 ft, nearly. 



And for the last — 

7jS_x 67 



— -; — - = 1 1 ft. nearly. 
46 

Referring again to the length of the drive- 
pipes, the calculations were based on a ram capable 
of doing the work which was required. Other- 
size rams could be used to give approximately 
the same results. But if they were larger then 
the drive-pipes could be shorter, but the diameters 
should be proportionate to the ram. In working 
out such problems the following table of capacities 
of pipes will be found useful ; — 



fntrmJ dlan,«.-, 


Cont™.. in 


Weight of WMIOI 




I.neal. 




I 


■019 


■19 




■034 


■34 










■076 






■ij6 


1.36 


3 


■306 


3 -06 


4 
I 


■544 
■S52 

1-224 


5-44 
5-52 
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If a pipe holds a given number of gallons, a 
larger one holding the same quantity is shorter in 
length. 

Taking the pipe which was 87-4 ft. long, the 
Table shows that a i-in, pipe holds '034 gal, per 
foot, and '034 x 87-4 = 2-gyi6 gals. 

A i^-in. pipe to hold the same quantity ~ 

2 9716 . 

■076 



= 39 ft, long. 



With a ram constructed to work with a i^-in. 
pipe, the latter length would enable it to raise as 
much water as the smaller ram worked with a i-in. 
pipe, 87*4 ft. long, other conditions being equal. 

To show this, assume S ft. head : — ■ 

Then 8 x i^ x -034 x 87'S = 23-8 ft.-gals. of 
flow energy. 

And 8 X I'S'' X -034 x 39 = 23-86 ft.-gals., or 
approximately the same power. 

But the larger size pipe would not give the 
same results with the smaller ram for reasons that 
have been before explained, 



Results obtained by a Maker of Rams 

The writer has recently had some correspon- 
dence with the makers of the experimental ram 
used by him, and they have given him a few 
results obtained by the firm in actual practice. 
These results further emphasise previous remarks 
as to the value of long drive-pipes. 

Their results are as follows : — 

With an 'A" or small-size ram fitted with 
66 yds. (or 198 ft.) of i-in. lead drive-pipe, 15. ft. 
fall, 2^ gals, supply per minute, 700 gals, were 
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raised in 24 hours to a height of 65 ft. above the 
ram through 250 yds. of J-in, pipe. This gives :— 

700 X 63 ^ 

2^ X 60 X 24 X IS 
or 90 per cent, of effective duty. 

With 'B' size ram, fitted with 50 yds. (or 
150 ft.) of 2-in. drive-pipe, 6-ft. fall, 6 gals, supply 
per minute, 700 gals, were raised per 34 hours 
6$ ft. above the ram through one mile of 2-in. 
delivery -pipe. 

This ram gave : — 

6 X 60 X 24 X 6 
or 85 per cent, of effective duty. 

With a ' C ' size ram, with 112 ft. of 3-in. pipe, 
8-fL fall, and 14,000 gals, supply per 24 hours, 
2,000 gals, were raised 42 ft. above the ram. 

Then for this case we have :— 
2000 X 42 _ . 
14000 X 8 ^^ 
or 75 per cent, of effective duty. 

The water-supply to this latter ram was not 
entirely satisfactory, and varied considerably. 
Eventually it became .so reduced that it was found 
necessary to fix a smaller size dash-valve when the 
percentage of effective duty rose to 81. 

The makers also draw attention to the lengths 
of the above drive-pipes, which varied in length 
from two to three times the vertical height to 
which the water was raised. They also mention 
that it is difficult to formulate any rules for rams, 
and that every case has to be considered separately. 

Having so far given the principles upon which 
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calculations are made, and explained that to do a 
certain amount of work the drive-pipe must not be 
less than a given size and length, it now remains 
to explain that the other extreme must not be 
gone to. 

Drive-pipes should not be Too Lon<; 

If the drive-pipe is too long, the energy of the 
larger volume of water is so much increased that, 
in the absence of adequate resistance or work to be 
done, the ram is seriously injured by the excessive 
shock. 

The writer had such a case, in which the delivery- 
valve inside the air-vessel was constantly breaking, 
and every few days a new one was necessary. 
The drive-pipe was 4 in. in diameter and 300 ft. 
long, and capable of raising a large quantity of 
water to a height of over 200 ft. The actual height 
required was only about half that to a mansion 
about three-quarters of a mile distant. 

By fixing a square head stop-cock in the deli- 
very-pipe, near the ram, and closing it until a 
temporary pressure-gauge registered the desired 
resistance, the ram was made to work satisfactorily 
in so far as giving an ample .supply of water without 
any of the working parts or valves being broken 
by the shock of the drive-water. 

In another case, in which the drive-pipe was 
300 yards long and 6 in. in diameter, the pipes 
frequently burst, and it was found that ordinary 
cast-iron would not resist the shock of the water 
inside. To relieve this a stand-pipe was fixed about 
midway between the ram and feed-tank, so that a 
portion of the force of the moving water was spent 
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in pushing a quantity up the stand-pipe each time 
the dash-valve closed. 

To explain this, assume Fig. 16 to be a sketch 
of the arrangements, the water flowing from the 
tank E to the ram F, Without the stand-pipe G, 
the whole of the force is expended on F. But 
with the stand-pipe, when the dash-valve closes a 
portion only of the force is expended on F and the 
remainder in pushing the water up G, as shown by 
the bent arrow. Approximately about one-third of 
the force of the moving water is thus taken off F. 




The stand-pipe was continued above the level of 
the feed-tank, otherwise water would have been 
forced out of the top end. Similar results would 
have been obtained if a large-size air-vessel had 
been fixed, as shown by H, Fig. 16. 

In the above cases there was a waste of power 
and money was ill-spent, not only in the first cost 
but in the additional outlay for disposing in a use- 
less manner of the excess of force or power. 

Neither should the feed tank be at too great a 
height above the ram, because this would lead to 
excessive shock and have an injurious effect on the 
materials used for the ram and pipes. 
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CHAPTER XIV 

Dasii-valves and their Action 

Many ram-makers have given the dash-valve a. J 
considerable amount of thought, and on searching 
through the Patent Office records avariety of forms 
are found to have been patented from time to 
time. 

Fig. 17 is an ordinary dash-valve made on the 
old Bramah pattern. The outlet orifice has about | 
the same diameter as 
the inlet to the body- 
pipe. The length of 
the stroke, which gives 
the height of the open- 
ing between the valve 
and the seating, or the 
free waterwa)', is regu- 
lated by fixing washers 
on the spindle, as 
shown at I. 

Fig. 18 is a sketch 
of a patented ram in 
which the dash-valve, shown by the dotted lines 
inside the body at J, is fixed on a pendulum, K, 
with a counterbalance, L. A modification of the 
same patent has a spring with adjusting screws at 
M, instead of the hinged joint and counterbalance. 
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Either of these would have a tendency to open the 
valve and push back the drive-water. 




Fig. ig is a detail of another patent, in which 
the dash-valve has a rubber ring at N. When the 
valve dashes up against 
the seating, O, there is 
little doubt the 'spring' 
of the rubber acts a part 
in causing the drive- 
water to be reversed in 
its direction. The dash- 
valve works in a cylinder, 
and doubtless econo- 
mises the water, because 
very little can escape 
without doing duty. 

Fig. 20 is an enlarged 
section of the dash-valve 
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in the ram shown by Fig. 14. This valve also 
works in a cylinder, P, and has a copper disc, Q, 
carefully fitted, so that 
the whole of the force 
of the water is utilised 
without unnecessary 
waste. The butterfly 
nut, R, has the blades 
fixed obliquely, so that 
the passing water im- 
parts a slight rotary 
motion to the valve and 
thus prevents the face 
of the latter, or of the 
seating, being unevenly 
worn. The beats of this 
valve and the lengths of 

the strokes regulate themselves according to the 
power exerted, as was shown by the tabulated ] 
experimental results 
that were dealt with in 

I a previous Chapter. 
Fig. 21 is another 
section of a dash-valve 
in a patented ram 
which also works in a 
cylinder. 
All the valves 
shown by Figs. 19, 20, 
and 31 are far better tic. 21. 

than that shown by 
Fig. 17. The latter is heavy and massive, and, by 
reason of its weight, requires a considerable amount 
of force to lift it up to its seating. The spindles 
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too, in Figs. 19, 20, and 21 slide up and down in 
the guides shown at S. 

The dash- valves of hydraulic rams should 
always be as light as possible, and only just strong 
enough to resist being broken by the shock caused 
by the water. 

For large-size rams one patentee has a counter- 
balance or weight on the outside of the dash-valve 
casing. The spindle of the dash-valve is connected 
by a special joint to the end of a lever mounted 
on an axis. The other end of the lever is loaded 
with a weight, which 
can be moved on the 
lever so as to about 
balance the valve, 
and is secured in the 
desired position by a 
set-screw. 

Fig. 22 is a dash- 
valve suitable for a 
ram of the descrip- 
tion shown by Fig. 3. 
This ram and that 
shown by Fig. 18 
have something in common, in that they are so 
balanced and adjusted that they open and close by 
the least backward or forward motion of the water 
in the drive-pipe. 




Cause of Re-flow of Water in Drive-pipe 

There is a great difference of opinion as to the 

cause of the current of the drive-water reversing 
when the dash-valve closes. By some it is held 
that water is elastic and rebounds much in the 




same manner as an indiarubber ball would. That 
this is not so is evidenced by breakages that take 
place in water-pipes by what is known as water- 
hammer. If water was elastic, the loud noises 
made in a service-pipe when a bib-cock is suddenly 
closed would not be heard, and an elastic mediu m 
such as air confined in a 
chamber, would not be 
necessary for preventing it. 

Another example is 
found in the philosophical 
appliances shown by 
Fig. 23, and known as 
water - hammers. These 
are made of glass and are 
about half filled with 
water. The other half 
has the air exhausted, the 
remaining space being 
known as a vacuum. By 
holding either one of them 
upright, and smartly rais- 
ing and then lowering it, 
the water is jerked up- 
wards, and on falling 
makes a noise as if two 
solid bodies had knocked 
together. 

Or if held with the bulb downwards until all i 
the water has run into that end, and then suddenly 
reversing the instrument and holding it close to 
the ear, the water trickling into the straight tubes 
makes a noise similar to pebbles falling on to 
something hard. This would not be so if water j 
was elastic. The water, however, contains air to . 
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a certain extent. Ordinary spring water is com- 
pressed by about tittt^w part of its volume by one 
atmosphere of pressure ; and because water is 
porous, it follows that the pores may be filled with 
gases of some kind or other, and these gases are 
compressible. 

The materials of which the ram is made are 
also slightly flexible, and ' give ' with the force of 
the water, and on returning to their original form 
help to push the water back. 

If a volume of air was inside the body-pipe the 
full force of the water would not be utilised, and a 
less quantity would be raised by the ram owing 
to the air acting as a spring buffer. 

The dash-valve shown by Fig. 19 has an india- 
rubber washer on the valve, and no doubt the 
flexibility of the washer causes a slight rebound of 
the valve which reacts on the water beneath it. 

When making exact (or as nearly exact as 
possible) calculations on the duty done by pumps, 
an allowance has to be made for what is known as 
' slip,' or the small quantity of water that returns 
into the suction-pipe when the sucker-valve is in 
the act of closing. When the delivery-valve inside 
the air-vessel of a ram is in the act of closing, a 
small quantity of water is pushed back into the 
body-pipe, and this, although small, probably helps 
to start a backward motion in the drive-water. 

One ram-maker has a patent for the appliance 
shown by Fig. 24, To aid the reflux action of the 
drive-water, a small chamt>er, T, has a valve over 
the opening, U, in the body-pipe. This valve fits 
tightly, but is free to slide up and down. Over the 
valve is a spring and adjusting screw for pressing 
the valve downwards. 



CAUSE OF RE-FLOW OF WATER IN DRIVE-PrPE Si 

When the dash-valve closes by the momentum 
of the feed-water, part of the force is exerted in 
pushing some of the water through the delivery- 
valve, V, and at the same instant of time the valve 
T is pushed upwards and compresses the spring W. 




As soon as the full force of the feed-water is ex- 
pended, the spring pushes the valve T down and 
causes the current of drive-water to be reversed, 
when the whole of the action is repeated. 

The same maker has other patents, in which 
what may be termed the seating of the dash-valve 
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has a concave or hollow surface, and is perforated 
with several holes for the water to pass through. 
A short distance away from the seating is an india- 
rubber band, in some cases indiarubber discs, which 
is, or are, forced against the seating by the momen- 
tum of the water. The indiarubber is stretched in 
doing this, and on returning to its ordinary degree 
of tension causes a slight reflux action in the direc- 
tion of the flow of the drive-water. 

Another patented ram has a spring fixed outside 
the discharging outlet, so that the spindle of the 
dash-valve knocks against it. The spring acts 
similarly to a person's finger pressing on the spindle, 
and thus pushes it down and re-opens the valve. 
The use of this spring is claimed for another pur- 
pose, but doubtless couM be made to answer for 
that suggested. 

Any or all of the foregoing details have an in- 
fluence in causing a reflux action of the water in 
the drive-pipe to a hydraulic ram. The reflux 
action of the water in a drive-pipe is small, but 
nevertheless plainly discernible at the entry end of 
the drive-pipe. If there were no backward motion 
of the water, the dash-valve would not open. The 
weight of the valve alone is not sufficient to open 
it, and it will remain closed if held up to its seating 
until all motion in the water has ceased. Neither 
should the valve be so heavy as to open by its 
weight. On the contrary, it should be as light as 
possible for reasons before stated. 

As soon as the backward momentum of the 
water in the drive-pipe has been overcome by the 
pressure from the drive-tank, a forward motion 
takes place. The motion is slow at first and gra- 
dually increases in speed, but the highest velocity 
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due to the head is not attained. When the speed 
is sufficient to dash the valve on to its seating, the 
motion of the water is again reversed and the whole 
proceedings are repeated. 

Finally, it is important that the water throughout 
the length of the drive-pipe should retlow after 
each stroke of the dash-valve ; otherwise the whole 
length of the moving column of water, when flow- 
ing downwards, would not be exerted in pushing 
some of the water through the delivery-valve at 
each pulsation of the dash-valve. The evils of air, 
of sharp elbows or turns in the pipe, and of rough- 
ness and obstructions inside the pipes have already 
been referred to. 

Delivery- VALVES of Rams 
Deli very- valves are those fixed on the body of 
the ram at the bottom of the neck of the air-vessel, 
and through which a portion of the water is pushed 
at each stroke of the dash-valve. Amongst the 
earliest made, and used by some makers at the 
present time, are those known as ' spherical ' valves, 
which consist of gunmetal balls with seatings, as 
shown at V, Fig. 24. These have a cage for prevent- 
ing the ball rising too high or being dislodged 
from its position. 

Fig. 25 is another kind which has an india- 
rubber seating at X, and a spindle with a guide- 
bar and nut at Y. 

Another valve is shown by Fig. 26. This is 
a 'ground-in' gunmetal valve, Z, with 'feather 
guides' and a 'stop' and regulating screw, A, 
for preventing the valve rising too high or jump- 
ing out of its position. 
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The delivery-valve to the patent ram, of which 
Fig. ig is the dash-valve, is shown by Fig. 27. In 
the figure B, B are perforations in a brass seating, 




and C is a rubber disc with cap and spindle. 
The object of this form of valve is to get as large 
a waterway as possible without the valve rising 
too high, and the consequent loss of water by ' slip,' 




' Slip,' however, helps to cause a reflux action of 
the water in the drive-pipe, as was mentioned on 
a previous page. 
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Another delivery-valve, which forms a part of 
two or three patents, is shown by Fig, 28. This 
is simply a valve hinged on one side. 

As a rule most makers have the deli very -valves 
of a good size for reasons above given. In some 
cases the waterways are equal, but in others the 
diameters are only about half that of the drive- 
pipes. 

With small-size rams access to the delivery- 
valves is obtained by unbolting and removing the 
air-vessels, but with large rams having very heavy 
air-vessels this is inconvenient, and access-doors or 
removable plates over side-openings are provided 
for the purpose. 

One such door or access-plate is shown on the 
base of the air-vessel, Fig. 18. 
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CHAPTER XV 
AlR-CHAMRERS OR AlR-VESSELS 



r 

^H With regard to the proper sizes of air-vessels, 
^V the ordinary rule is that 'the capacity of the latter 
should be equal to the contents of the delivery- 
pipe.' But this is Impracticable, because one pipe 
may be lOO yards long and another a mile or 
upwards, so that each ram would require a special- 
sized chamber. 

A better rule would be : — The contents of the 
air-vesse! should be equal to twice the contents of 
the delivery-pipe, whose length is equal to the 
vertical height to which the water is raised ; an 
average being taken so that one size of vessel would 
be about right for each size of ram when fixed 
under various conditions. 

Some makers have twin air-vessels to their 
rams, so as to double the air capacity. 

Other makers have two air-vessels on the same 
body-pipe, and a sluice-valve between each vessel 

I and the body-pipe, so that if one vessel had the air 
exhausted it could be shut off and recharged with 
air without stopping the ram working. 
An air-vessel eventually becomes exhausted of 
air. This is due to the water absorbing the air. 
When this occurs an enormous strain is brought to 
bear upon the ram, and its efficiency is lowered. 
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Without air, and the vessel ' water-logged,' the 
whole of the water in the delivery-pipe ' stops and 
starts ' with each pulsation of the working or dash- 
valve. Whereas with a properly- charged air-vessel 
the water in the delivery-pipe is in motion the 
whole of the time the ram is working, and travels 
at only about one half the speed, with a consequent 
reduction of friction. When the water is motion- 
less between the strokes, a great deal of the applied 
power is occupied in overcoming the inertia of 
the water in the delivery-pipe and starting it into 
motion. 

Not only is the ram robbed of a portion of its 
efficiency, but where the water is forced directly 
into a tank or cistern in an inhabited house, with 
a water-logged air-vessel the noises made by the 
beats of the dash-valve are increased, and can be 
distinctly heard in the house. Because of these 
noises, complaints have been made that the people 
could not sleep during the night-time. 

In one case the noise was so serious that the 
writer, to sever the metalHc connection of the iron 
pipe with the ram, had a piece of indiarubber 
tubing especially made for the purpose, and bound 
outside with copper wire to resist being burst by 
the internal pressure. This tube was fixed near 
the ram, a portion of the delivery-pipe being 
removed for the purpose. 

Although the rubber tube reduced the noise 
considerably, it was still heard in the house, and the 
conclusion was come to that water itself is a good 
conductor of sound. 

In the same mansion another complaint was 
made of the noise of the water trickling down the 
cistern overflow-pipe. The pipe was fixed inside 
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the house so as not to be affected by frost in the 
winter time. For the foregoing reasons the writer 
considers it inadvisable for a ram to deliver the 
water directly into a house, unless there is an 
isolated wing in which the cisterns and pipes can 
be fixed. The water from the ram should be sent 
into a reservoir or a water-tower, from which it can 
gravitate or flow to the house or premises. 

The loss of air out of the vessels is a trouble- 
some problem, and a considerable amount of 
thought has been given with the view to overcom- 
ing the difficulty. 

One ram specialist has invented a substitute 
for the air-vessel, as shown by Fig. 29, consisting 
of a hollow cylinder, 
with a solid end, in- 
verted in a second 
cylinder fixed over the 
delivery-valve. The in- 
verted cylinder is held 
down by springs, and 
slides inside the other 
one, a special provision 
being made to render 
the Joint watertight 
tietween the two. At 
Fig. 29. each pulsation of the 

dash -valve the water 
that is forced through the delivery-valve causes 
the sliding cylinder to rise ; the action of the 
springs then slowly forces it down again and 
expels the water into the delivery-pipe. 

For prevention of loss of air out of the vessels 
it has been suggested that sperm oil, glycerine, or 
other suitable liquid poured into the vessel would 
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float on the surface of the water and prevent con- 
tact with the contained air. The writer has no 
kn owledgc of the results, or whether the water was 
thus rendered unfit for domestic purposes. 

Another suggestion was to have the air-vessel 
in two halves and bolt a flexible indiarubber 
diaphragm between the flanges, so that the air and 
water were not in contact. Fig. 30 is drawn to 
show the arrangements. 

Many devices have been invented for supplying 
he necessary quantity of air to the vessel. One of 




the earliest was known as the 'sniff' or ' sniflUe' 
valve, sometimes called the 'snorter.' This is 
shown in section at D, Fig. 31, and is screwed into 
the side of the trunk leading from the body-pipe 
to the air-vessel just below the delivery -valve. At 
E is a small hole about the size of a pin, F being 
the end screwed into the trunk. The small piston, 
G, is loose, and free to slide to and fro, a stop-pin 
being fitted as shown by the double dotted line. 
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When the dash-valve closes, the water that 
forces open the delivery-valve acts also on G, and 
drives it towards the inlet E. When the water 
reflows in the drive-pipe the valve is drawn back 
and a small quantity of air enters through the hole 
E, and bubbles upwards, as shown by the small 
circles. These air-bubbles are carried with the 
next rush of water through the delivery-valve into 
the air-vessel, and this is repeated at each beat of 
the working- valve. 

Fig. 32 is a side view illustrating the principles 
of another air-valve. The screwed end is fixed in 
the ram body-pipe, the end being open for the water 
to enter. When the 
dash -valve closes, the 
water is forced against 
a flexible cup, shown 
by double dotted line 
at H, the air on the 
opposite side and in I 
being expelled through 
a valve at J and the 
pipe K, which is con- 
nected to the air-vessel 
above the delivery- 
valve. Another valve 
at L acts similar to the 
sucker-valve of a pump. Air enters through this 
valve to fill the body I when the flexible diaphragm 
H is drawn back by the reflux of the drive-water 
to the ram. By this arrangement a small quantity 
of air is pumped, or forced, into the chamber at 
each stroke of the dash-valve. 

There are other patented sniff-valves which 
work similar to the last one, but have a piston 
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with a cup-leather instead of the indiarubber, and a 
spring to aid the reflow of the water for drawing 
air through L into the chamber I. These are 
literally air-pumps, but it is not necessary to illus- 
trate them, as the principles are so very similar to 
those shown by Fig. 32. Hollow indiarubber balls 
have been suggested for placing in air-vessels. Air- 
pumps to be worked by hand for recharging the 
air-vessels have also been proposed, but the writer 
has never seen these appliances in actual use. 
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CHAPTER XVI 
Pumping and Double-action Rams 

In many parts of the country the problem of 

supplying mansions with potable water presents 
great difficulties. The quantity may be unlimited, 
but the quality not at all suitable. Or a limited 
quantity of good quality may be available, but not 
nearly suflicient to work a hydraulic ram. In the 
case of a small supply of good water and a plen- 
tiful supply of another kind, which would not be 
suitable for domestic purposes, being available, and 
where circumstances are favourablcj a specially 
constructed ram can be used and worked by the 
unsuitable water to raise that which is good. 

Fig. 33 is a section of such a patented appliance. 
In the drawing, M is the body-pipe to an ordinary 
ram, the dash-valve of which was shown by Fig. 19 
and the deli very- valve by Fig. 37. N is a con- 
tinuation of the body -pipe, and O is an indiarubber 
diaphragm, the edges of which are securely fixed 
between two flanges so that no water can escape 
either from below, upwards, or vice versA. P is an 
inlet-valve over the end of what may be called the 
suction-pipe, which is continued to a well or clean 
water reservoir. At Q is a valve opening upwards 
into an air-vessel similar to the other one shown 
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at R, whence a pipe leads to the storage cistern 

or reservoir, J 
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1 the body-pipe, M, escapes out of the dash-valve, S, 1 

which is open. The flow of water dashes the vatve 1 

1 up to its seating. The water no longer flows freely fl 
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away, having had its escape suddenly arrested, and 
the impetus is expended on the under side of the 
diaphragm, O, which is pushed upwards and forces 
the water contained in T through the valve, Q, into 
the air-vessel and the delivery-pipe above it. 

When the reilow of the drive-water takes place, 
the diaphragm, O, is drawn downwards, and leaves 
a vacuum in T, which is filled with pure water 
through the valve. P| from the well or spring. These 
actions are continuous so long as the ram is at 
work and the water-supply sufficient. 

The two waters are separate and cannot mix, 
nor can the dirty water be sent up to the mansion 
so long as the diaphragm is in good condition and 
free from defects. 

The air-vessel, R, and valve, U, can be omitted, 
but if it is desired to send the foul water for using 
in a farmstead or garden, it should be retained and 
the necessary delivery-pipe attached. 

The two parts of the ram are bolted together by 
means of flanges. But if it is desired for the ram 
to be single-acting, so that only a portion of the 
water which works it is raised, the parts N, T are 
omitted, and a blank flange bolted on to the open 
end between M and N. 

When used as a pumping ram only, the whole 
force of the drive-water is expended on O, but 
when used as a double ram, so that clean and foul 
water are both raised to their respective positions, 
the force is divided, part being expended on O, and 
the other portion in pushing water through the 
delivery- valve, U. In other words, if a single- 
action ram was capable of raising l,000 gals, per 
day, the double ram would raise nearly the same 
quantity, but half would be foul, and half clean 



water; and these two kinds of water would be 
delivered in opposite directions, or to wherever the 
pipes were fixed. 

The pumping- ram will raise water from about 
the same depth as an ordinary pump, and the dis- 
tance should never exceed 25 ft. in vertical height 
between the water and valve, P. With a lesser height 
better results are obtained. 

With the pumping ram shown by Fig. 33 the 
force of the drive-water is divided, one portion of 
the force being expended in forcing water through 
the deli very -valve U, and the other portion in 
forcing water through the delivery-valve Q. The 
combined quantities of water thus raised are a little 
less than would be delivered by an ordinary single- 
acting ram. 

Another pumping ram is shown by Fig. 34. A 
speciality in this case is that it is impossible for the 
two waters to mix. This is a pumping ram only, 
and does not raise any portion of the water that 
works it, but only that which it is desired to store 
for use. 

To describe the appliance : — V is the inlet a 
W the dash-valve, similar to those of an c 
ram ; G is a watertight piston working in a cyUm 
and having a rod, Y, to connect to a second { 
smaller piston in the cylinder, X, the piston 1 
pushed downwards by the compression ; 
The air-vessel, A, has a delivery- valve, '. 
bottom, and over the body-pipe, C. A 
valve with stop is fixed at U over the suction-f 
E, and F is the delivery-pipe leading to a cist 
or storage tank. 

The action is as follows ; — The unsuitable 1 ' 
entering at V escapes at W until an att , 
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velocity suddenly closes the valve, when the force 
is expended on the bottom of the piston, G. This 
raises also the piston X, and forces clean water out 
of C through the delivery-valve B into the air- 
vessel, and thence to the storage cistern. 




As soon as the force of the drive-water is ex- 
pended, the spring, Z, presses down the pistons, 
and leaves a vacuum in C, which is again filled with 
pure water through the sucker-valve and pipe, 
D and E. 

The water is raised by what is really a force- 
pump, with a solid piston or plunger adapted to 
work automatically by the shock of flowing water. 
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Another ram specialist has patented a pumping 
ram, as shown by Fig. 35. The dash-valve is not 
shown in the figure, as it is behind the parts illus- 
trated. The form of this dash-valve was shown by 




Fig. 20. In Fig. 35, H is the body-pipe filled with 
impure water, which is subjected to shock by the 
closing of the dash-valve as in an ordinary ram. 
I is a piston sliding in a cylinder, and J is a con- 
necting link to a smaller piston, K. The pistons 
are pushed down by the arm, L, which is hinged at 
M. On the same asle are two weighted levers, N 
(one only can be shown in the sectionj. O is a 
sucker-valve over an opening to which the suction- 
pipe is attached, I' is the delivery-valve in the air 
vessel, Q, and R is the delivery-pipe leading to the 
storage tank. 

The ram works as follows : — As soon as the 
working-valve is dashed on to its seating, the water 
in H is compressed sufficiently to raise the pistons, 
I and K, and also the weighted levers, N. On 
rising, the piston K poshes the water out of S 
through the delivery-valve P, into the air-vessel, 
and thence through the pipe R. As soon as the 
shock of the drive-water is overcome, the weighted 
lever N actuates lever L, and presses the two pis- 
tons I and K down to their original positions, 
leaving a vacuum at S, which is again filled with 
water through the sucker-valve and pipe at O. 

With this appliance the waters cannot mix, nor 
the clean or pure water be contaminated by that 
which works the ram. 

In the two foregoing appliances the pump 
pistons or plungers had their direction of travel 
reversed, to form a vacuum in the suction chambers, 
by means of springs or weighted levers. Efi"orts 
have been made to obtain the same results by the 
pressure of water, and Fig. 36 is a section of a 
patented appliance for that purpose. 

In the drawing, T is the drive-pipe, supplied 
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with foul water for working the ram ; U is the 
dash-valve over the body-pipe V ; W is a piston 
with a connecting rod, X, to a second piston, Y. 
This latter is hollow, with a plunger, Z, inside. 
The hollow piston works in the larger cylinder, 
which may be termed the ' barrel,' and the plunger 
in a smaller cylinder. A, as shown in the figure. 
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A sucker-valve and pipe arc attached fi 
cylinder, but arc not shown in the fiA 
is the delivery -valve opening into the^ 
C, and D is the delivery-pipe. At \ 
valve which is kept partially open by d 
screwed spindle, F, beneath it. Whi 
working, a portion of the water i 
this valve in addition to that wbldl 
through the proper delivery-valve, B, 
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the valve, E, does not quite close, a small quantity 
of water returns through it and pushes back the 
hollow pistons which are coupled together by the 
connecting rod, X. G is a lever with connecting 
link, H, for working the ram until sufficient water 
has been raised to form a head for pushing back 
the plunger, Z, or for working the ram by hand in 
cases of emergency, such as during the failure of 
the working supply. 

The action is as follows; — The driving water 
acts upon the dash-valve, U, in the same manner 
as with ordinary rams, and the shock drives the 
piston W, which pushes the piston Y, and forces 
clean water through B. The piston slides past the 
opening, and gradually closes the orifice under the 
valve B, thus minimising shock in the body-pipe. 

As soon as the force of the driving water is 
expended, a portion returns through the small 
valve E into J, and pushes the pistons back into 
their original positions. The force of this back- 
pressure is equal to the head of water in the 
delivery-pipe acting upon the end of the solid 
piston Z. 

In a modification of the same patent the open- 
ing or passage between the valves B and E is 
omitted, and a pipe substituted for the plug I. 
The pipe is continued upwards and connected to a 
small tank fixed at the necessary height for giving 
sufficient head for pushing back the pistons. In 
this arrangement the same back-pressure water is 
constantly re-used, and simply rises and falls in the 
pipe leading to the tank at each to-and-fro move- 
ment of the pistons. With this appliance there 
may be said to be three water-supplies — namely, 
that which drives the pistons forward, that which 
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pushes them back, and that which is pumped. 
The back-pressure tank can be filled by hand or 
any other means, and, as there is no waste of the 
water, would require very little attention. 

All the pumping rams that have been described 
are limited in the depth from which they will raise 
water, in the same manner as any other kind of 
pumps, the limit being as was given when de- 
scribing Fig. 33. 
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CHAPTER XVII 

Automatic Feed to Hydraulic Rams 

In many places the water-supply is very limited, 
and not sufficient for continuously working a ram, 
Or the supply may be plentiful during certain 
seasons and become reduced in other seasons which 
are drier. This is especially the case when the 
rams are fed from intermittent springs, or when the 
water has to be collected from a catching area 
similar to that shown by Fig. 8. 

In such cases the feed-water tank or reservoir, 
where possible, has to be of a good size for storing 
the supply when plentiful. But there are many 
places where this is impracticable, or where the 
water could not be stored at a sufficient height for 
giving the necessary head. 

Where the ram is ' close at home,' so that it can 
be frequently visited, the valve shown in Fig. 7 can 
be dropped by hand when the supply is exhausted, 
and again opened when the tank has rc-filled. 

But when the tank is a mile or two away from 
the house such attention cannot very well be given, 
and it then becomes necessary to fix an automatic- 
acting arrangement for closing the valve when the 
supply fails to yield sufficient for working the ram, 
and for re-opening It when the water has again 
accumulated. 
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Fig. 37 is a sketch section of a primitive appli- 
ance the writer once saw, and which was found to 
be answering fairly satisfactorily, although some 
of the water was wasted. In the sketch, K was a 
brick-built tank, filled from small springs in a wood, 
L a drop-valve with a chain to the hinged lever, M. 
On the outer end of the lever a bucket, N, was 
suspended, and this was 
filled through the pipe O 
when the tank over- 
flowed. The full bucket 
was heavy enough to 
pull down the lever and 
open the valve. 

The bucket had a 
small hole in the bottom 
so that, when the tank 
ceased to overflow, it 
gradually em ptied, 
allowing the valve to 
close, and thus stopping 
the ram from working. 
When the tank again ^ J? 

overflowed and filled the 

bucket, the valve was again opened and the ram 
re-started. 

On studying the arrangement it will be noticed 
that so long as the supply is plentiful the ram will 
work, but will stop when the tank ceases to over- 
flow. 

Without it the dribble into the tank during 
a dry season would flow away through the ram, 
because the force would not be sufficient to close 
the dash-valve, and the water would be wasted. 
But with it a small portion of water is raised by 
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the ram, and that is far better than having none 
at all. 

A better appliance than the bucket with the 
hole in the bottom would be to suspend a properly- 
constructed rectangular vessel, with guides to keep 
it steady, and a siphon-pipe arranged for auto- 
matically emptying the contents back into the 
feed-tank when the water in the latter had lowered 
to a certain level. This would save a few gallons 
from being wasted each time the supply ran short, 
and also enable the counterpoise to act more 
quickly. Neither would any of the water be run- 
ning to waste when the counterpoise tank was 
filling. 

Fig. 38 is a sectional drawing showing the 
arrangement, in which P is the small siphon for 
emptying the counter- 
poise-tank when the 
water in the drive-tank 
fell below a certain level. 
It should be men- 
tioned that Figs. 37 and 
38 are only diagram- 
matic, and are not in- 
tended to show perfect 
appliances. Those 

readers who have tho- 
roughly grasped the 
principles which actuate 
hydraulic rams will no 
doubt notice that the 
flap-valve on the inlet 
end of the drive-pipe in 
a manner similar to the dash- 
es where the loads 




each case will act 

valve of the ram, especially 
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on the ends of the hinged levers are equal or nearly 
balance each other. There is also the difficulty of 
opening the flap-valve when the pipe leading to 
the ram is filled with water. To open the valve, a 




Fig. 39. 



■w, steady pull is not nearly so good as a sudden 
jerk on the chain. 

A much better arrangement than either of those 
illustrated by Figs. 37 and 38 is the patented appli- 
ance shown by Fig. 39. In the drawing, Q is the 
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body fixed on the end of the drive-pipe in the feed- 
tank, R is a valve fixed on the lever S, which is 
attached to another lever. T, and which is hinged 
at U. At the end of the latter lever is a copper 
ball, V, with a stem pinned to the lever T, and 
which can be adjusted to any desired length. The 
left-hand end of T is cranked, and to it is attached 
a spindle, W, with a weight, X ; Y is ajointedstud 
hinged to T, with a slotted cam arm and adjusting 
screw. A small roller on the top of Y supports the 
weighted spindle W, and Z is a rest for the latter 
when the vaive is open. 

The action is as follows : — Assuming the details 
to be in the positions shown, the valve R is shut 
and no water can flow down the drive-pipe Q, the 
tank being nearly empty. As the tank fills, the 
ball V rises to the position shown by dotted lines, 
and raises the lever T with the attachment Y. 
This presses against W, and pushes it upwards 
until the whole is sufficiently high for the weight X 
to be beyond the centre of gravity, and it falls 

I against the rest bar, Z. This part of the motion is 
so sudden that the valve R is quickly opened, the 
force being sufficient to overcome not only the out- 
side pressure of water against the valve, but also 
the weight of that inside the pipe. 
When the tank is filled and contains sufficient 
water to work the ram, the whole of the arrange- 
ments are as shown by dotted lines ; but if the 
supply fails, the float V lowers and actuates the 
various levers until the weight X is on the reverse 
side of the centre of gravity, when it falls forward 
and closes the valve R, as shown by firm lines. 
There is no doubt that this is a valuable appli- 
ance for using where the supply to a ram is meagre 



J 



or interiniftent, because by its use not a drop of 
water need be wasted. 
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Hydraulic rams are almost invariably fixed at 
some distance from the dwelling, sometimes a mile 
or two away ; and it therefore follows that they 
should be protected not only from frost, but also 
from injury by cattle, or by men or boys led by 
curiosity to tamper with them. 

The best position is in an underground 
chamber. When the pit is very deep the entry 
should be through a trap-door in a frame at, or a 
few inches above, ground-level. An iron ladder 
or step-irons, either of which occupies but little 
room, should be built in the wall for getting down 
to the ram. 

When the ram-pit is near to the surface of the 
ground the entrance can be by means of outside 
steps, built at the same time as the ram-house. A 
door should be hung to open inwards, and a drain 
made for taking away rainwater from the bottom 
landing. 

In some cases it is necessary to fix wood flaps 
over the stairs or steps, or a railing, for preventing 
cattle falling down. The former is the better plan, 
as in the winter time, should the ram require atten- 
tion, it is easier to clear the snow off the covers 
than to dig it out from the sunken steps. Under- 
ground pits are best built circular in plan, 
.nd with domed brickwork or stone roofs. The 
diameter should be from 4 ft. to 6 ft., according to 
the size of the ram, or if duplicate rams arc fixed ; 



the height should not be less than 6 ft. if possible 
to get it. 

When the ram can be fixed above ground a 
house about S ft. by S ft. inside measurement is a 
convenient size. Such hou.ses have to be roofed, 
and plain tiles or stone shingles are good for the 
purpose. In a house of this kind with which the 
writer had to deal, the roof was boarded, then 
felted and battened before tiling, for keeping out 
frost. Openings were left in the gable ends for 
ventilation, but these apertures were afterwards 
blocked up for keeping out birds, with the result 
that in about three years the rafters and boarding 
began to rot. The reek or vapour from the water 
could not escape, with the result as stated. 

Incidentally it may be mentioned that the 
water to hydraulic rams very rarely freezes so long 
as the rams are working. Even during the coldest 
weather it is not necessary to stop up all ventila- 
tion in an above-ground house. It is however 
advisable to have all openings situated above the 
level of the ram, so that a sharp current of cold air 
cannot impinge against it. 

The entrances to ram-houses of any kind should 
be locked, and for this brass padlocks or oak rim 
locks are the best. 

As the greatest force of the water shock occurs 
near the ram, it is important that the latter should 
be well fixed, either to an oak base secured with 
concrete, or to a stone or concrete floor. The force 
of the drive-water has a tendency to push the ram 
from the drive-pipe, and by firmly fixing the ram 
an opposing force is offered. Under great heads 
the leaded joint to the body-pipe is sometimes 
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blown, and the flanged connections to the ram or 
stop-valve are broken. 

All ram-houses should be paved and drained, 
and provision made for the tail-water to flow freely 
away. Although some rams will work when 
flooded, or with the dash-valve under water, they 
will do so much better when there is no back-water 
to interfere with their action. 
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CHAPTER XVIII 

MAKING REPAIRS TO HYDRAULIC RAMS 

All rams are manufactured by specialists, and 
it is very difficult for plumbers properly to repair 
them unless they have the proper fitting^s. Many 
rams at work have been repaired and parts re- 
placed with totally unsuitable pieces. Such rams 
are always in trouble, and the cost of frequent 
repairs is a permanent tax on their owners. In 
one instance the writer saw no fewer than nine 
old iron dash-valves outside a ram-house. Their 
number and variation in size and weight was proof 
that the ram had been a considerable source of 
trouble. 

When ordering a new ram the working parts 
or valves should be in duplicate, so that when one 
is much worn or breaks down it can be exchanged 
in a very short time. The broken or defective 
valve should be sent to the makers and repaired 
or renewed if necessary, ready for refixing when 
occasion requires. Not only would this lead to a 
saving in the cost of repairs, but the plumber who 
has to do the work would give more satisfaction to 
his client, and the reputation of the ram-maker 
would not be injured. It may be added that these 
remarks apply to all kinds of special fittings used 
by plumbers. 
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Country, and especially estate, plumbers have 
advantages over those who work in large towns, in 
that they frequently have a great deal to do with 
rams. There is many a ram fixed which may be 
said to have a ' temper of its own,' and the plumber 
who is usually called in to adjust or repair it can 
often succeed much better than a stranger would 
in making it work properly. 

If all rams were exactly alike and worked 
under similar conditions, rules could be formulated 
for their repairing, adjusting, or regulating. But 
as the conditions vary both with regard to size of 
ram, quantity and head of drive-water, length and 
size of drive and delivery pipes, and the quantity 
and height delivered, it follows that each ram has 
to be studied under its own especial conditions. 
There are a few empirical rules, or those based on 
practical experience, but they are only suitable for 
conditions which are exactly similar in ail details 
to those from which they were deduced. At the 
same time they form a basis for making calculations 
which, if not exactly, are approximately correct. 

The rules given in preceding Chapters are those 
which should be followed when fixing new rams. 
The same rules will also be of great help to those 
who have to repair, or otherwise deal with, rams 
that are erratic in their action. By the assistance 
oF such rules the workman is the better able to 
judge if the ram was fixed properly in the first 
instance. It is often far better to entirely refix or 
alter a ram that is improperly fixed than it is to 
keep making useless trial alterations and repairs 
which have no finality. 
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Causes of Rams Stopping Working 

Sometimes a machine will work satisfactorily for 
a time and then atop, there being some difficulty 
in finding tlie reason, In a few such cases experi- 
ment will often succeed when theory fails. But it 
must be admitted that the plumber who knows the 
theory will be better able to make the right experi- 
ment than the one who is ignorant of the principles 
upon which the working of rams is based. 

One great cause of rams stopping working, after 
being in use for some time, is the reduction in area, 
and roughness inside, of the drive-pipe, caused by 
rusting. Another cause is the use of galvanised- 
iron drive-pipes. Such pijjes are usually very rough 
inside, and also have exposed threads and enlarge- 
ments of the water-way inside the screwed sockets. 
The head of water may be sufficient for dashing 
the valve on to its seating, but the force of the 
reflow is so small, by reason of excessive friction 
in the drive-pipe, that the valve will not open 
properly for the next stroke to be efficient. In 
some such cases the valve will, at times, be found 
to chatter ; and a ram with a chattering dash- 
valve is always uncertain in its action and liable 
to stop. 

The writer once found the drive-pipe to be lined 
inside with a kind of slime, and this was traced to 
ducks being kept in the small lake which supplied 
the ram. On passing a small bundle of fine wire 
netting through the pipe, the slime was removed 
and the ram then worked properly. 

I f the drive-pipe leaks, the water will not reflow 
sufficiently to open the dash-valve and the ram 
will cease working, 
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Air in the drive-pipe has an injurious effect. 
'Clear' or 'straight-way' valves should always 
be used, as has been before explained. Ordinary 
stop-valves with a circuitous water-way through 
them should never be used, because of the excessive 
friction of the water in turning the sharp elbows, 
and also because a small quantity of air is fre- 
quently pent up inside and cannot escape. 

The extra friction of the water when passing 
through a bend, especially when fixed near the 
ram, will sometime.s affect the reflux action of the 
water and cause the dash-valve to hang up. 

Some of the patented rams will work with either 
long or short strokes, and will adjust themselves 
to the work they are doing. But those of ordinary 
make have to be regulated by washers or screws, 
according to the lengths of the drive-pipes and the 
heads of water above the rams. In such cases the 
length of stroke should be so regulated as to be as 
long as possible. A ram with a short stroke is 
more liable to stop than one which has a long 
stroke. 

When an air-vessel is water-logged the resist- 
ance is so great that the deli very- valve will not 
open. This wil! sometimes stop the ram, owing to 
an insufficient reflux movement of the drive-water. 
In one instance the height to which the water 
was delivered was so low, and the air-pressure 
inside the vessel so small, that when the shock of 
the dash-valve took place water was pushed through 
the deli very- valve for a second or two afterwards. 
This resulted in the momentum of the drive- 
water being slowly arrested, and there was no 
reflow inside the drive-pipe. By constantly push- 
ing the dash-valve down by hand, a considerable 
I 



quantity of water was raised, but when left to 
work by itself the ram immediately stopped. 

A case almost similar to the latter, in a Mid- 
land county, was for a time a considerable cause of 




anxiety. Two rams were fixed in a pit about 1 5 ft. 
below ground level, in the position shown at A, 
Fig. 40, At B, C, and D were cisterns averaging 
about 1,000 gals, each, fixed in brewhousc, stables, 
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and mansion at heights of about 35 ft., 25 ft., and 
65 ft. respectively above the ram. The cistern C 
in the stables was about 100 yards distant. Fig. 41 
is a diagrammatic sketch, drawn to scale, to show 
the relative heights of the various tanks above the 
rams. The tanks are marked to correspond with 
those shown in Fig. 40. The water-supply was 
only sufficient for working one ram at a time, the 
other being held in reserve in case of a breakdown. 
Both rams were connected to the same rising main, 
but had separate drive-pipes. Ball-valves were 
fixed to B and C, but the pipe to D had an open 
end. 

Each ram could be regulated to raise water to 
either cistern separately, but not to fill all of them 
in succession. When adjusted for filling the highest 
cistern, the ram immediately stopped when water 
ran into the lowest cistern, and I'lce versA. 

Experiment having failed to solve the problem, 
it was decided to calculate the flow-energy exerted 
on the ram and compare it with the work done in 
raising water to each cistern respectively, and the 
result showed a wide difference. 

As the rams would do what was required to 
each cistern separately, it was considered that 
neither they nor their drive-pipes need be altered, 
and the trouble could be overcome by making the 
work of raising the water uniform to each cistern. 

With this object, square-headed stop-cocks 
ire fixed at E and F, and closed until the resist- 
ance, as shown by a pressure-gauge, was found to 
be equal to each cistern. The rams then worked 
satisfactorily, and there was the further advantage 
that D always had water running into it, and did 
not have to wait for its supply until the tower 



cisterns were filled. But when the latter were 
filled and the ball-cocks were closed a stronger 
stream went up to D. 

It may be added that ordinary stop-valyes 
were fixed in the delivery -pipes to shut off the 
supply to the cisterns when necessary to do so, 
and instructions were given that the other, or 
regulating cocks, were never to be turned or 
interfered with in any way. 

Another cause of rams stopping working is a 
variation in the head of the drive-water, and this 
is very common where the rams are supplied by 
intermittent springs. Or the supply may be so 
lowered that the inlet-end of the drive-pipe is 
exposed and air is carried in with the water. In 
such cases the dash-valves will sometimes chatter 
for a few seconds and eventually remain closed ; 
or if the dash-valve is a very heavy one it will 
remain open. 

When the leaded joints in a cast-iron drive- 
pipe ' blow,' it is a difficult matter to make them 
sound. In some cases it is a real economy to go 
to some trouble and melt out the old lead and 
remake the joints, using rod lead instead of ordi- 
nary yarn. When remaking the joints, two or 
three cold lead rings or bands should be well 
caulked in, and the sockets then filled with molten 
lead. The lead should be poured as cool as pos- 
sible, so as not to shrink much on further cooling, 
and then be staved in the usual manner. For new 
cast-iron drive-pipes the sockets should always 
have grooves inside, as shown at H, Fig. 1 1. When 
remaking the joints on old cast-iron drive-pipes, 
the socket and spicket ends can be made red-hot 
to burn off anything which would prevent them 
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rusting, and the joints then made with the rust 
cement which has been described. 



VARYING HEIGHTS OF DELIVERY FORM A RAM 

The question is sometimes raised as to whether 
a hydraulic ram can be used to raise water to two 
or more farmsteads situated at different levels and 
in different directions from the ram. As was 
explained when dealing with the case shown by 
Figs. 40 and 41, this can be done, but especial 
precautions must be taken to ensure that the load 
on, or the work done by, the ram is not varied in 
any way. The chief reason is the impossibility of 
altering the length of the drive-pipe to suit the 
different heights to which the water is sent by the 
ram. 

The same remarks apply to a case where a ram 
was fixed to supply a small cistern in each of 
several labourers' cottages. These cottages were 
all situated at different levels. 

The question has also been raised as to whether 
a hydraulic ram can be used to supply a fountain 
fixed in a large basin. 

In such problems as the above it is possible to 
attain success, but such success cannot bemaintained 
for any length of time. In addition to the subtle 
changes that take place in hydraulic rams and 
their connections, variations in the temperature of 
the water, and in the temperature and pressure of 
the atmosphere, all have an influence on the 
working of a hydraulic ram, especially when it 
will work only if adjusted to a nicety. The author 
has been struck with the variations in the results 
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obtained on different days when experimenting 
with the ram shown by Fig. 14, 

For the foregoing reasons it is always advisable 
for a ram to send the water into an elevated tank 
or reservoir from which service-pipes can be laid 
to supply buildings situated in different directions. 
The same applies to the working of a fountain. 
In the latter case it is obvious that the fountain 
would not be required to play in the winter-time, 
and during other seasons the ram would have to 
be stopped from working when the fountain was 
not desired to play. The ram should send the 
water to an elevated tank. A tub or a barrel on 
the top of a post, and an overflow-pipe to the 
fountain basin, would answer as well as a more 
costly installation. 

With regard to the noises made by hydraulic 
rams being heard in a house where the storage 
tank is situated inside, it is impossible to prevent 
the sound being conducted by the delivery-pipe 
and the contained water. Those rams, however, 
which have rubber or leather washers on the dash- 
valve are not quite so noisy as are those which 
have metal valves and metal seatings. 



CONCLUSION 

There are many peculiarities attached to the 
working of hydraulic rams, and it is almost impos- 
sible to describe them all. The theory of their 
working may be clearly understood, but there are 
so many variations in their fitting up and the work 
extracted from them that theory may sometimes 
appear to be at fault. But upon consideration it 
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is obvious that the difference arises from the diffi- 
culty in obtaining all the necessary facts upon 
which to base it, rather than that theory itself is 
wrong. 

That hydraulic rams are valuable appliances, 
and under favourable conditions the most econo- 
mical that can be used for raising moderate quan- 
tities of water to moderate heights, is evidenced by 
the number that are giving satisfactory results in 
various parts of the country. 

That those who have to fit up or repair 
hydraulic rams may have at least an elementary 
knowledge of their action and working is the 
object and aim of the writer in publishing this 
little book. 
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Fletcher, F.R.I. B. A., F.S.I., Barriater-at-Law. Crown 8vo, 
cloth, 6a. 6rf. 
LIGHT AND AIR. With Methods of Estimating Injuries, &a. 
Fourth Edition, revised and enlarged by Bamibtbr F. 
Flktcheii and H. Phillips FLETCHsa With full Reports and 
Digests of Ruling Cases, and 27 Coloured Diagrams, dec. 
Crown 8vo, cloth, 6«. Qd. 

the cream of sU the le^ deanitlons and dedslons."— Building Seal. 

VALUATIONS AND COMPENSATIONS. A Text-Book 

on the Practice ot Valuing Property, and the Law of Com- 
pensations in relation thereto. Third Edition, rewritten 
and enlarged by Banister F, Fletcher and H. Phillips 
Flbtohkr, with Appendices of Forms, ic, and many new 
Valuation Tables. Crown Svo, cloth, 6». M. 

ARBITRATIONS. Third Edition, revised and largely re- 
written, by Banister F. Fletcher and H. Phillips Flbtchib. 
With references to the chief governing cases, and an Appendix 
of Forms, Statutes, Rules, &c. Crown Svo, cloth, gilt, 5s. 6d, 

" It la as well written and revised aa can be, and we doubt if it would be poniblc to 
And a moreeatiafactflryhaDilbooli."— n- Kui'rf-r. 



lOrXBSOB BAHIBTZa FLETCHSB'B VALDABLE TBZT-BOOKS FOB 
ABCHITECTS AHD iVK7ZY0B.R—cm,tU«ed. 

THE LONDON BUILDING ACTS, 1894-1905. A 

Text- Book on the Law relating to Building in the Metropolis. 
Containing the Acta, in txterno, together with the unrepealed 
Sections of all other Acta affecting building, the latest Bye- 
Laws and Regulations, Notes on the Acts and abstracts of 
the latest decisiona and caaea. Fourth Edition, thoroughly 
revised by Banister F. Fletohbb, F.R.I.B.A., F.S.L, and 
H. Phillips Flbtcher, F.R.I.B.A., F.S.L, Barrister-at-Law. 
With 23 Coloured Plates, showing the thickueas of walla, 
plans of chimneys, ic. Crown 8vo, cloth, 6«. 6(/, 

■' It M the Law of Building for Londnq in one .oliiioB."— JriJiiKcf. 



CONDITIONS OF CONTRACT relating to Building 
Works. By Frank W. Macey, Architect. Revised, as to 
the strictly legal matter, by B. J. Lkverson, Barriater-at- 
Law, Royal 8vo, cloth, 15s. net. 

ESTIMATING : A Method of Pricing Builders' QuANTiTiEa 
FOR Competitive Work. By George Stephbnsos. Showing 
how to prepare, without ike net of a Price Book, the Eatimatea 
of the work to be done in the various Trades throughout 
a large Villa Residence. Sixth Edition, the Prices carefully 
revised to date. Crown 8vo, cloth, is. Gd. net. 



REPAIRS : How to Measure and Value theu. A Hand- 
book for the use of Builders, Decorators, <kc. By Georqb 
Stephenson, Author of " Estimating," Fourth Edition, the 
pricea carefully revised. Crown 8vo, cloth, 3t. net. 

** 'B^pcLirs* is a TeT7 serviceable lianiiboDk on the subject. A ?ood epeoUlcation for 
Tflpairfl ia ^vea bj^ the anthor. and Uieo he prDceeds, from thfl top floDr downvaidi, ta 
show how to nduQ the it«mfl, br a method of frAjQiDfl'theeetLmSitemthfiiaeunuiBg book. 

FACTS ON FIRE PREVENTION. An enquiry into the 
Fire-Resisting Qualities of the chief Materials and Systems of 
Construction, conducted by the British Fire Prevention Com- 
mittee. Edited by Edwin 0. Sachs, Author of " Modern 
Theatres." Containing Accounts of Tests of Floors, Ceilings, 
Partitions, Doors, Curtains, Ac, with 100 Full-page Plates. 
2 vols. Large 8vo, cloth, 25-s. net. 
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STRESSES AND THRUSTS. A Text-Book on thbib 
Dbtefiminakos jn Constrtjotional Work, with Exaufles 
OF THE Debion OF GiRDKRs AND KooFS, for the use of 
StudenU. By G. A. T. Middleton, A.R.I.B.A. Third Edi- 
tion, revised aud much euiarged. With 170 Hiuatrative 
Diagrama and Folding Plates, 8vo, cloth, 4i. &d. net. 

" ThA BtudcDt of building aDcuQuotJon will Bad ftU he ought to know as to ihe r«l»UDn 
id thjiulfl to the work be mn bo onffK^od to, Tbe Tuyinv dwren of liiwi 

J , — ,_ _^^_ „ (j^t ti,, joetMt tyro in mitiEnLitics wiU be able to 

Doiples laid down."— ITlf Surtegor. 

THE ELEMENTARY PRINCIPLES OF GRAPHIC 
Statics. Specially prepared for the use of Students enter- 
ing for the KiaminatiouB in Building Construction of the BoEird 
of Education, By Edward Hahdt, Teacher of Building Con- 
struction. With 150 IlluBtrations, Crown 8vo, cloth, 3s. net. 

in a Tery dear and lo^c«l manner, snd 1 ahall certainly reoommend the book to mj 
clemenlmrr atudenU as the he^ of ila kind," 

TREATISE ON SHORING AND UNDERPINNING 
and generally dealing with Dangerous Structures. 

By C. H. Stock, Architect and Surveyor. Third Edition, 
tlioroughly revised by F. R. Farrow, F.lt.I.B.A., fully 
illustrated. Largs 8vo, cloth, ie. 6d. 

-Tho UaUw is a laloahln addition to the practical llhmty of the architect and 
builder, and ne heartily lecaniuieDd It to all TaiAfttB."—Bviidina Ncki. 

DANGEROUS STRUCTURES and How to Deal with 
them. A Handbook for Practical Men. By G. H. Bi^gaovb, 
Certified Surveyor noder the Loudon Building Act, 189*. 
Second Edition, re-mritteii and much enlarged. With 35 
Illustrations, Crown 8to, 4s, Gd. net. 

This volume deals with some of those awkward problems in 
building which demand prompt solution. It describes ready 
means for getting over difflcultiea which frequently occur in 
practice, and supplies dat& from which efficient, and at the sam« 
time economical, remedies may be designed to counteract evils 
arising from structural defects. 

SCAFFOLDING : A Treatise on the Design and Erec- 
tion of Scaffolds, Gantries, and Stagings, with an 
account of the Appliances used in connection therewith, 
and a Chapter oii the Legal Aspect of the Question, By 
A. O. H. Thatchkb, Building Surveyor, Illustrated by 146 
Diagrams and 6 Full-page Plates. Large 8vo, cloth, 5*. net. 

" a really Yalimblp litUe tteatiBe."— rSt BuUd^r. 

CONCRETE: ITS USE IN BUILDING. By Thomab 

Potter. Second Edition, greatly enlarged. 500 pp. of Teit, 
and 100 Illustrations. 2 vols., crown 8vo, cloth, 7s. 6rf. 
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THE DRAINAGE OF TOWN AND COUNT — 

Houses. A Practical Account of Modern Sanitary^ 

rangemeuta and Fittings for tbe Use of Architecta, Buil(^^^B 
Sanitary Inspectors, and those preparing for esaminat _:^| 
in Sanitary Science. By G. A. T. Middlkton, A.R.I.^^^^= 
With a special chapter on the Disposal of Sewage on a f-^trm^ 
scale, including a description of the Bacterial Method. Tr^^~j 
93 lUustrationa. Large 8vo, cloth, 4i. 6(f. net. 

" A Terr complete expoiitjeuof tiie prindplea and detailaof modem practice irx -^^M 
bmnch of demgn and work. ... It will well repay HmaullaHoii by eyerj one ts^M 3* 
upon to deal with the pioblem of dome>tLC sanilatian frum the Goustmctional ride. ' "S 

'"Ve^ reliable and vr^tiaH."— The Plumber and Dearralor. 

THE PLUMBER AND SANITARY HOUSES. A Pi^t 

tical Treatise on the Principles of Internal Plumbing Wori, i 
By S. Stbvens Helltbb, Sixth Edition, revised and enlarged. 
Containing 30 lithographic Plates and 262 woodcut Illiiatra- 
tiona. Thick royal Svo, cloth, 12s. 6d. 

PRINCIPLES AND PRACTICE OF PLUMBING. By , 
S. SiBTBNs Hei.i.ver. Fifth Edition. Containing 294 pp. of 
teit and 180 practical Illustrations. Crown Svo, cloth, 5». I' 

TECHNICAL PLUMBING. A Handbook for Students and \ 
Practical Men. By S. Barlow Bhnnbtt, Lecturer on Sanitary li 
Engineering to the Durhaoa County Council. Second Edition, , ! 
revised, with about 500 Illustrations. Large Svo, cloth, 
3s. 6d. net. ' 

EntiTsly A'eio and Improved Edition, sjiperseditiii alt precious issues. 



CLARKE'S TABLES AND MEMORANDA FOR 
Plumbers, Builders, Sanitary Engineers, &c. By J. 

Wbigot Clakke, M.S.I, With a new section of Electrical 
Memoranda. 312 pages, small pocket size, leather. Is. &d. net. 

"It ia obvioualy oQO of thnfle tbin^H a tradesman ahoold carry iji liU pocket aa 
reli^Dunly as he does a foot rale^"^Plitmber and Dreorttlor. 

(PRACTICAL SCIENCE FOR PLUMBERS AND 
Engineering Students. By J. Weight Clabkk. Treat- 
^ ing of Physics, Metals, Hydraulics, Heat, Temperature, Ac, 
1 and their application to the problems of practical work. 
L With about 200 Illustrations. Lai^e Svo, cloth, 5s. net, 
rUMPS: Their Principles and Construction. By J. 
I Wright Clakke. With 73 Illustrations. Second Edition, 
^ thoroughly revised. Svo, cloth, 3». 6d. net. 
HYDRAULIC RAMS: Their Principles and Construc- 
tion. By J. Wright Curkb. With 36 Diagrams. Svo, 2«. 



A thoroughly eomprekemive and practical Trtatite, 
SANITARY ENGINEERING. A Practical Treatise on the 
Collection, Removal aud Final Diapoaal of Sewage, aud the 
Design and Construction of Works of Drainage and Sewerage, 
with special chapters on the Disposal of House Ketuse and 
Sewage Sludge, and numerous Hydraulic Tables, Formulie 
and Memoranda, including an extensive Series of Tables of 
Velocity and Discharge of Pipes and Sewers. Bj Colonel 
E. C. S. MoORB, R.E., M.R.S.I, Second Edition, thoroughly 
revised and greatly enlarged. Containing 830 pp. of Text, 
HO Tables, 860 Illustrations, including 92 large Folding 
Plates. Large thick 8vo, cloth, 323. net. 

"... The biKik is Indeed k full and completfl epitoinE of tlie latest pnctioe In 
HnitaiT enritieeriD^, and ah a book of reference it is ilmpW indiBpeDuble." — The A*£A'e 

WATERWORKS DISTRIBUTION. A Practical Guide to 
the Laying Out of Syatema of distributing Mains for the 
Supply of Water to Cities and Towns. By J. A. McPherson, 
A.M.Inst.C.E. Fully illustrated by 19 Diagrams aud 103 
other Illustrations, together with a Large Chart (29" x 20") 
of an Example District. Second Edition, revised and en- 
larged with farther Diagrams. Large crawn 8vo, cloth, 6t. net. 

GASFITTING. A Practical Handbook relating to the 
Distribution of Gas in Service Pipes, the Use of Coal Gaa, 
and the best Means of Economizing Gas from Main to 
Burner. By Walter Giiaftok, F.C.S,, Chemist at tha 
Beckton Works of the Gas Light and Coke Co. With 143 
lUuBtratioos. Large crown 8vo, cloth, at. net. 

"The author u a reoiifnJKd authority upon tbe subject of gas ligbting, aai gaeBtten 
ud Dtben vbo intend to ttoAf gaifittmg in pructical detail will Snd the book moat 
lerriceable.^^ — TAr Buiiii^r. 

STABLE BUILDING AND STABLE FITTING. A 

Handbook for the Use of Architects, Builders, and Horse 
Owners. By Byng Gibaud, Architect. With 56 Plates and 
72 Illustrations in the Test. Crown 8vo, cloth, 7«. 6d. 
Adopted as the Text-book by the Stjrvbyoks' Institdtioit. 
FARM BUILDINGS: Their Construction and Arrangement. 
By A. Dudley Clarkb, F.S.L With chapters on Cott-agea, 
Homesteads for Small Holdings, Iron and Wood Roofs, Repairs 
and Materials, Notes on Sanitary Matters, &.c. Third 
Edition, revised and enlarged. With 52 full-page and other 
Illustrations of plana, elevations, sections, details of construc- 
tion, &c. Crown 8vo, cloth, 6s. net. 

kind, the toIdidb will be ot alnEolir lerTlce."— AiiUder'i Jinimol. 



RESIDENTIAL FLATS OF ALL CLASSES, including 

> Artisans' Dwellings. A Practical Treatise on thea.3 
Planning and Arrangemeut, together with chapters on theia 
History, Financial Matters, 4c. With nurneioua Illustra- 
tions. By SYDNEr Pbrks, F.R.I.B.A., P.A.S.I. iVith a lai^« 
number of plans of important Examples by leading architects 
in Eiigland, the Continent, and America ; also nuoieroua 
Views from Special Photc^raphs. Containing 300 pages, 
with 226 Illustrations. Imperial 8vo, cloth, 2l3. net. 

" Aitoeether il is B book which is not only unique in aithitectural literature, but u 

MODERN SCHOOL BUILDINGS, Elementary and 
Secondary. A Treatise on the Planning, Arrangement and 
Fitting of Day and Boarding Schools. With special chapters 
on the Treatment of Class- Rooms, Lighting, Warming, Ventila- 
tion and Sanitation. By Felix Clay, B.A,, Architect. Second 
Edition, thoroughly revised and enlarged. Containing 556 
pp. with 450 Illustrations of Plana, Perspective Views, Con- 
structive Details and Fittings. Imperial 8to, cloth, 25«. net. 

" Mr. Clay hoH produ<¥d a work uf real and lasting vaiup. It i«fl«ta great credit on 
liiB industry. abilltF, aud judgment, und ia likely to remain for nomg time tbe leading 
work on tte architectuml requitements ot eeooudary education."— I'A<£uiirler. 

PUBLIC BATHS AND WASH-HOUSES. A Treatise 
on their Planning, Design, Arrangement aud Fitting; with 
chapters on Turkish, Bussian, aud other special Baths, Public 
Laundries, Engineering, Heating, Water Supply, &e. By 
A. W, S. Ckoss, M.A., F.E.LB.A. 284 pages, with 274 illus- 
trations of modern examples. Imperial Svo, cloth, 31t. net. 

PUBLIC LIBRARIES. A Treatise on their Design, Con- 
struction, and Fittings, with a Chapter on the Principles of 
»Plaiining, and a Summary of the Law. By Auiam L. 
Chasipneyb, B.A., Architect. Containing about 200 pages, 
with over 100 Illustrations of Modern Enamplea aud Fittings 
from Photographs and Drawings. Imperial 8vo, t3s. Qd. net. 

THE PRINCIPLES OF PLANNING. An Analytical 
Treatise for the Use of Architects and others. By Pbrcy 
L. Marks, Architect. With Notes on the Requirements of 
Difierent Classes of Buildings. Illustrated by 150 Plans, 
mainly of important modem Buildings. Second edition, 
revised and enlarged. Large Svo, cloth. Si. &d, net. 

" For A ftinffle- handed attempt ta Erapple -nith euch a widely extending subject, ihe 
BnthoT baa mtlly doae very ivell. Labour he haa clearly not atiuted, and Eis auooeaa in 
ananffins hip Ui^e amoupt of material is worthy of mneh piaiae." — Tfit Buiider. 



ARCHITECTURAL SKETCHING AND DRAWING 
IN PERSPECTIVE. A progressive Beries of 36 Plates, 
illustrating the Drawing of Architectural Details and Sketch- 
ing to Scale ; iucluding chapters on the Plan and Measuring 
Point Methods, the Simplification of Perspective by R'a 
method, and on Figures, Foliage, ic. By H. W. RosBBTa, 
Author of "R'a Method." Large imperial Sto, cloth, 
It. Gd. net. 

This book provides a. progressive coarse of perBpective drawing, 
founded to some extent upon the well-known R'a Method, showing 
ita application to varioua problems of practical work. Its aim ia to 
present perspective drawing In a simple form, and to aid the drsughti- 
man hy placing at his iliBposal various practical expedients la simphfy 
the details of hia work. 

THE PRINCIPLES OF ARCHITECTURAL PER- 
SPECTIVE, prepared for the use of Students, &c. with 
ciiaptera on Isometric Drawing and the Preparntion of 
Finished Perspectives. By G. A. T. Middletok, A.R.I.B.A. 
Illustrated with 51 Diagrams, and 9 full-page and folding 
Plates, including a aeries of finished perspective views of build- 
ings by various Architects. Demy 8vo, cloth, 2s. &d. net. 

ARCHITECTURAL DRAWING. A Test-Book with special 
reference to artistic design. By R. PHENfe Spibhs, F,S,A. 
With 28 full-page and folding Plates. 4to, cloth, 8s. 6(/. net 

ALPHABETS OLD AND NEW. Containing 200 com- 
plete Alphabets, 30 aeries of Numerals, and numerous fac- 
similes of Ancient Dates, itc, with an Essay on Art in the 
Alphabet By Lewis F. Day. Second Edition, revised, with 
many new examples. Crown 8vo, cloth, 3s. 6rf. net. 

" Everfime who emplDye practidnJ lettering -will be grateful for ' Alphabets, Old k&d 
New,^ Mr. Day has wntten a Rcholajlr and pithy inOoductioD, ajjd contrnmtes Boma 

A HANDBOOK OF ORNAMENT. With 300 Plates, 
containing about 3,000 Iliustrations of the Elements and the 
application of Decoration to Objects. By F. S. Mbyer. 
Third Edition, revised. Thick 8vo, cloth, 12s. 6d. 

•■ A LIDtary, a MiUFUtn, nn BnMclapRdlii. snd in Art BchooL In one. The work ii 
pnctlcaUTan epitome of a hundred Worlu on Dealgn."— ITuSludlo. 

A HANDBOOK OF ART SMITHING. For the use of 

Practical Smiths, Designers, Architects, itc. By F. S. 
Mbyeb. With an Introduction by J. Starkib Gasdneb. 
Containing 2H Illustrations. Demy 8vo, cloth, 6s. 



HOMES FOR THE COUNTRY. A CoUectiou of Deeigra 
and Exumplea of receutly executed works. By B. A. Bbiogs, 
Architect, F.R.I.B.A., Soaae Medallist, Author of " Bunga- 
lows," Containing 48 full-page Plates of Exterior and Interior 
Views and Plaas. Witli descriptive notes. Deray 4to, cloth, 
lOfi. 6d. net. 

BUNGALOWS AND COUNTRY RESIDENCES. A 

Series of Designs and Esamples of recently executed works. 
By R. A. BRiaoa, F.K.I.B.A. Fifth and Enlarged Edition, 
containing 47 Plates, with descriptions, and notes of cost of 
each house. Demy 4to, cloth, 12s. 6d. 

"ThoBe who desire jniee and originalitj- in their rabutbao dweUiogs miBW take 

A BOOK OF COUNTRY HOUSES. Containing 62 Plates 
_ reproduced from Photographs and Drawings of Perspective 

^^^ Views and Plana of a variety of executed ejtamples, ranging 
^^^H in size from a mode rate -si zed Suburban House to a fairly 
^^H large Mansion. By Ernest Nbwtuh, Architect. Imperial 
^^^K 4to, cloth, 21s. net. 

^^^^> The bouses illustratoi in tbia volume may be taken as represenCa- 
^^^K tive (it the Euglish Countr; House at tbe present day. Ttiey offer 
^^^^^ much variety in their sixe, their sites, the character o£ the mateciala 
in which they are constructed, and their types of plan. 

THE COUNTRY HOUSE. A Practical Manual of th& 
Planning and Construction of Country Homes and their 
Surroundings. By Chaeles K HooPBEt. Containing 350 pp., 
with about 400 Illustrations, comprising photographic views, 
plans, details, &c. Crown 4to, cloth, 15^. net. 



MODERN COTTAGE ARCHITECTURE, illustrated 
from Works of well-known Architects. Edited, 
with an Essay on Cottage Building, and descriptive notes on 
the subjects, by Maurice B. Adams, F.R.I.B.A. Containing 
50 plates of Perspective Views and Plans of the best type» 
of English Country Cottages. Royal 4to, cloth, 10«. 6rf. net. 

^■Thfl cottogeB "which Jkfr. Adams hod aelectad "would do credit to any estAte id 
HikgUnd." — The AfdiitecC. 

" It ahould meet with a la>g« aiJe. The author haH beeD win enough bo get Ut&ftber 
a Tariod atyle of desigo by Tarioua aiohltecta who have shown maned anlity in tbi» 
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MODERN SUBURBAN HOUSES. A Series of Bxsmplea 

erected at Hampstead, Bickley, and in Surrey, from deaigiut 
by C. H. B. QoESNELL, Architect. Containing 44 Plates of 
Eiterior and Interior Views, reproduced from special photo- 
graphs, and large scale plans from tbe author's drawings. 
Large 4to, cloth, 16». net. 
L Cleverly planned, of quiet refined design, and financittllyaucoessfnl, 

H Mr. QueDnell'B examples clearly demonstrate tliat it is not necessary 
H to rel; on characterlesi desiKOB and stock patteros for onr sabarbaa 
housea, aa Is often the case with the speculative builder. 

MODERN HOUSING IN TOWN AND COUNTRY. 

Illiiatrated by examples of municipal and other schemes of 
Block Dwelhngs, Tenement Houses, Model Cottages and 
Villages, and the Garden City, together with the Plana and 
other illuatrations of the Cottages designed for the Cheap 
Cottages Exhibition. By Jaue3 Cobsks. With many Plana 
and Views from Drawings and Photographs, accompanied by 
descriptive text. Eoyal 4to, cloth, 7». Gd. net. 

"ItavsluuiH great. Iti nEeenables tbe fllomratioiui to bs natiefscMrT in aalii; ita 

Kiioe, foia boabaa KrptaUBl]^ Ultutrattfd, {h Burprieliiglf Idw; it wlU.dniibtleaB.beiM)fiepted 
IT aame time to come ui ■ Btimdud book of refereDH on the subject."— 7^r Tina. 

HOUSES FOR THE WORKING CLASSES. Com- 
prising 53 typical and improved Plans, arranged in groups, 
with elevations for each group, block plans, and details. By 

^S. W. C1U..W1ELD, A.R.I.B.A., and H. I. Potter, A.R.I.EA. 
With descriptive text, including Not«s 00 the Treatmeut and 
Planning of Small Houses, Tables of Siaes of Rooms, Cubic 
Contents, Cost, <tc. Second Edition, revised and enlai^ed, 
with many additional plans. Imperial 4to, cloth, 2lt. net. 

This book deals with Cottages suitable for the Working ClsBses ia 

Suburban and B a ral Districts. Themajority oF theexamplea illQstmtcd 

ccnBiEt of two and three-store; dwellings, adapted to be built in pairs, 

groups or terraces, and vary in cost from about £150 to £400. 

" AsKbcio^ nf tfpcB of tlie best eiunplea nl bootea ol this kind, the wgtkis the nuat 

^< The book DieEts a. dislJnDt vant. The aubi«4 
Ibreehpd out ; and what with good 

gratiilate the iiuthorri ou their eat^prise." — The Sttntj/at^ 

THE MODEL VILLAGE AND ITS COTTAGES 
BOURNVILLE. llluatrated by 57 Plates, consisting of 
38 views from specially taken photographs, and 19 plans and 
details of the Village and its Cottages, with a descriptive 
account, and some notes on economic Cottage-building and 
the laying-out of Model Villages. By W. Alesakceb Harvky, 
Architect, Large 8vo, cloth, 8s. 6(?. net. 
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A HISTORY OF ARCHITECTURE ON THE COM- 
PARATIVE METHOD for the Student, Craftsman, 
and Amateur. By Banister Flbtcheh, F.R.I.B.A., late 
Profeaaor of Architecture in King's College, London, and 
Bani3tbb F. Fletcher, F.RI.B,A. Containing SOO pp., 
with 300 full-page IlluatrationB, reproduced from photo- 
graphs of Buildings and from specially prepared drawinga of 
ooustructive detail and omameut, coreiprisiiig over 2,000 
Illustrations. Fifth Edition, thoroughly revised and greatly 
enlarged. Demy 8vo, cloth, 21*. net. 

" Far exetlltna TBI SrnDisT'a MiBoiL of thb HisTour of AncaiTscTuiut."— 7^* 
Anhilcct. 

". . ■ It is coDoiiiet; written and DTofaself iUiutraled byplBte« of all die typiisl bnlld- 
Engiof each Duimtryiutd period, . . . wili,pili.a vqjdin(iubLitk&&tu&ii.'^ — Building Sae^ 

THE ORDERS OF ARCHITECTURE. Greek, Roman 
and Italian. A selection of typical examples from Nor- 
mand's Parallels and other Authorities, with notes on the 
Origin and Development of the Ciaaaio Orders and descrip- 
tions of the plates, by R, Phen^; Spiers, F.S.A., Master of 
the Architectural School of the Royal Academy, Fourth 
Edition, revised and enlarged, containing 27 full-page Plates, 
seven of which have been specially prepared for the work. 
Imperial 4to, cloth, 10*. &d. 

THE ARCHITECTURE OF GREECE AND ROME. 

A Sketch of its Historic Development. By W. J. 
Anderson, Author of " The Architecture of tiie Renaissance 
in Italy," and R. Phkn6 Spikrb, F.S.A. Containing 300 
pages of test, and 185 Illustrations from photographs and 
drawings, including 43 full.page Plates, of which 27 are 
finely printed iu collotype. Large 8vo, cloth, ISs. net. 

sica hare vslnl; 
siiy pictois of clasajc ut."— rA« BrUuA .IrciilHl. 

THE ARCHITECTURE OF THE RENAISSANCE IN 
ITALY. A General View for the Use of Students and 
Others. By William J. Anderson, A.R.LB.A. Third Edition, 
containing 64 full-pi^e Plates, mostly reproduced from 
Photographs, and 98 Illustrations in the Teit. Large 8vo, 
cloth, 12». Gd. net. 

"A dallghtfol mod icbDluly book, wblch ahonld pnivB i boon to Ircbitectl ud 
■bulsnti."— .lEwmal R.LB.A. 

"Sbould rank amongst tbs bist tvchitectural vritinge ol tbe i>.y."—Tbc Eiislurg* 
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GOTHIC ARCHITECTURE IN ENGLAND. 

Analysis of the origiu and developiueiit of English Church 
Architecture, from the Norman Conquest to the Dissolution 
of the Monasteries. By Francis Bond, M.A., Hon. A.K.I.B. A., 
ContaJuing 800 pp., with 1,254 lUnstrationa, comprising 785 
photographs, sketches, and measured dranings, and 469 plana, 
aections, diagrams, and moldiugs. Imperial 8vo. 31«. 6^. net. 
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